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This theory considers every notion or idea <A> together with its opposite or negation 


<antiA> and with their spectrum of neutralities <neutA> in between them (i.e. notions 
or ideas supporting neither <A> nor <antiA>). The <neutA> and <antiA> ideas 
together are referred to as <nonA>. 

Neutrosophy is a generalization of Hegel's dialectics (the last one is based on <A> and 
<antiA> only). 

According to this theory every idea <A> tends to be neutralized and balanced by <antiA> 
and <nonA> ideas - as a state of equilibrium. 

In a classical way <A>, <neutA>, <antiA> are disjoint two by two. But, since in many 
cases the borders between notions are vague, imprecise, Sorites, it is possible that <A>, 
<neutA>, <antiA> (and <nonA> of course) have common parts two by two, or even all 
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Neutrosophic Set and Neutrosophic Logic are generalizations of the fuzzy set and respectively 
fuzzy logic (especially of intuitionistic fuzzy set and respectively intuitionistic fuzzy logic). 
In neutrosophic logic a proposition has a degree of truth 

(1), a degree of indeterminacy (J), and a degree of falsity (F), where T, J, F are standard 
or non-standard subsets of /-0, 7+/. 

Neutrosophic Probability is a generalization of the classical probability and imprecise 
probability. 

Neutrosophic Statistics is a generalization of the classical statistics. 
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Article 
Neutrosophic Local Function and Generated Neutrosophic 
Topology 
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Abstract: In this paper we introduce the notion of ideals on neutrosophic set which is considered 
as a generalization of fuzzy and fuzzy intuitionistic ideals studies in [9,11] , the important topological 
neutrosophic ideals has been given in [4]. The concept of neutrosophic local function is also 
introduced for a neutrosophic topological space. These concepts are discussed with a view to find 
new neutrosophic topology from the original one in [8]. The basic structure, especially a basis for 
such generated neutrosophic topologies and several relations between different topological 
neutrosophic ideals and neutrosophic topologies are also studied here. Possible application to GIS 
topology rules are touched upon. 


Keywords: Neutrosophic Set; Intuitionistic Fuzzy Ideal; Fuzzy Ideal; Topological neutrosophic ideal; 


and Neutrosophic Topology. 





1. Introduction 


The neutrosophic set concept was introduced by Smarandache [12, 13]. In 2012 neutrosophic sets 
have been investigated by Hanafy and Salama at el [4, 5, 6, 7, 8, 9, 10 ]. The fuzzy set was introduced 
by Zadeh [14] in 1965, where each element had a degree of membership. In 1983 the intuitionstic 
fuzzy set was introduced by K. Atanassov [1, 2, 3] as a generalization of fuzzy set, where besides the 
degree of membership and the degree of non- membership of each element. Salama at el [9] defined 
intuitionistic fuzzy ideal for a set and generalized the concept of fuzzy ideal concepts, first initiated 
by Sarker [10]. Neutrosophy has laid the foundation for a whole family of new mathematical theories 
generalizing both their classical and fuzzy counterparts. In this paper we will introduce the 
definitions of normal neutrosophic set, convex set, the concept of a-cut and topological neutrosophic 
ideals, which can be discussed as generalization of fuzzy and fuzzy intuitionistic studies. 


2. Terminologies 


We recollect some relevant basic preliminaries, and in particular, the work of Smarandache in 
(12, 13], Hanafy and Salama at el. [4, 5, 6, 7, 8, 9, 10]. 


3. Topological Neutrosophic Ideals [4]. 


Definition 3.1: Let X is non-empty set and L a non-empty family of NSs. We will call Lis a 
topological neutrosophic ideal (NL for short) on X if 
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e AeLandBcA>BeL [heredity], 
e AEL andBeL>AvBeL [Finite additivity]. 
A topological neutrosophic ideal L is called a _¢-topological neutrosophic ideal if 


A, <L,implies v Aj;€L(countable additivity). 
{ ee p. jor ( y) 


The smallest and largest topological neutrosophic ideals on a non-empty set X are Ow} and NSs 
on X. Also, “-tt> N-Le are denoting the topological neutrosophic ideals (NL for short) of 
neutrosophic subsets having finite and countable support of X respectively. Moreover, if A is a 
nonempty NS in X, then \B SNe Ses A} is an NL on X. This is called the principal NL of all NSs of 


denoted by NL a 


Remark 3.2. 


= if Iv#~ then Lis called neutrosophic proper ideal. 


» flv ©” then Lis called neutrosophic improper ideal. 
On eL 


Example 3.3. 


Any Initiutionistic fuzzy ideal © on X in the sense of Salama is obviously and NL in the form 
L= {A: A=(x,4,04,V4) ee 


Example 3.4. 


D =(x,0.5,0.6,0.8) 


Let X = tab.c} A=(+,0.2,0.5,0.6) B=(x,0.5,0.7.0.8) ang 


, then the family 
L=\O,,,4.B,D}§ 




















of NSs is an NL on X. 
Example.3.5 
Let * = (a,b,c, d,e} and 4=(% Haea-va) given by: 
X Hale) gale) val) 
dl 0.6 0.4 0.3 
b 0.5 0.3 0.3 
C 0.4 0.6 0.4 
d 0.3 0.8 0.5 
e 0.3 0.7 0.6 





Then the family Ee (On A} is an NL on X. 


Definition.3.3: Let L1 and L2 be two NL on X. Then L2 is said to be finer than L1 or L1 is coarser than 


L2ifL1 S< L2. If also L1 # L2. Then L2 is said to be strictly finer than L1 or L1 is strictly coarser than 
L2. Two NL said to be comparable, if one is finer than the other. The set of all NL on X is ordered by 
the relation L1 is coarser than L2 this relation is induced the inclusion in NSs. The next Proposition 
is considered as one of the useful result in this sequel, whose proof is clear. 
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Proposition.3.1: Let {L; je J} 
NL; Uy 


set X.Then /*/ and /*/ are topological neutrosophic ideal on X, In fact L is the smallest 


be any non - empty family of topological neutrosophic ideals on a 


upper bound of the set of the Lj in the ordered set of all topological neutrosophic ideals on X. 


Remark.3.2: The topological neutrosophic ideal by the single neutrosophic set OW is the smallest 
element of the ordered set of all topological neutrosophic ideals on X. 


Proposition.3.3: A neutrosophic set A in topological neutrosophic ideal L on X is a base of L iff every 
member of L contained in A. 


Proof: (Necessity)Suppose A is a base of L. Then clearly every member of L contained in A. 
(Sufficiency) Suppose the necessary condition holds. Then the set of neutrosophic subset in X 
contained in A coincides with L by the Definition 4.3. 


Proposition.3.4: For a topological neutrosophic ideal L1 with base A, is finer than a fuzzy ideal L2 
with base B iff every member of B contained in A. 


Proof: Immediate consequence of Definitions 


Corollary.3.1: Two topological neutrosophic ideals bases A, B, on X are equivalent iff every member 
of A, contained in B and via versa. 


n={ujoprj):ied} . i 
Theorem.3.1: Let be anon empty collection of neutrosophic subsets of X. Then 
there exists a topological neutrosophic ideal L (1) = {A © NSs: A C V Aj} on X for some finite 
collection {Aj: j = 1,2, ...... gn & Th 


Proof: Clear. 


Remark.3.3: The topological neutrosophic ideal L (1) defined above is said to be generated by 1) 
and 1] is called sub base of L(1)). 


Corollary.3.2: Let L1 be an topological neutrosophic ideal on X and A € NSs, then there is a 
topological neutrosophic ideal L2 which is finer than L1 and such that A € L2if A V B € L2 for 
each BE Li. 


Corollary.3.3: Let A=(%MasFAVA) EL gyg B=(%MB-OR-VB) Ely , where “ and "2 are 


A*B= X),Ogxp(X)v gxple 
topological neutrosophic ideals on the set X. then the neutrosophic set (Areal } ABV A al ) 


SEV Ls B68 Sphave Haaplx) = Vala) A up(x): x X},.o4xp 2) may be = V {o4(x) AoR(x)} or 


Afo4(x) Vv oR(0} and VAsB (x)= AW a(x) v Vp(x): xe x 


4. Neutrosophic local Functions 


Definition.4.1. Let (X,T) be a neutrosophic topological spaces (NTS for short) and L be 
neutrsophic ideal (NL, for short) on X. Let A be any NS of X. Then the neutrosophic local function 


NA*(L,r) of A is the union of all neutrosophic points( NP, for short) C(a, B.7) such that if 
UEN(C(A.B.7)) ang NA .r)=viCla,B.7)eX:AAU EL for every Unbd of C(a,f,7)}, NA“(L,7) ig called a 
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NA*(L,T) 


neutrosophic local function of A with respect to * and L which it will be denoted by 
NA*(L) 

Example .4.1. One iy easily verify that. 

{0 },then N A*(L,r) = Ncl(A) 


or simply 


If L= _ for any neutrosophic set A€ NSS on x, 
i, L=tallNSson X} then NA*(L,7)=0 
Theorem.4.1. Let ( XxX ,T) be a NTS and L,, L, be two topological neutrosophic ideals on X. Then for any 


N for any AENSS onx. 


neutrosophic sets A, 4 of X. then the following statements are verified 
i) AGB=>NA*(L,t)<NB*(L,r), 

i) Ly @L, => NA*(L,,7t) C NA*(L,,7)- 

ili) NA* = Ncl(A*) Cc NeI(A)- 


iv) NA* CNA*. 

vy) N(Av By =NA* Vv NB". 

vi) N(AAB)*(L)< NA*(L) A NB*(L). 
vil) £6L=> N(Avey = NA’. 


viii) NA (L, T) is neutrosophic closed set . 


Proof. 
i) Since ACB, let p=C(a,B,y)eNA (L) then AAU ¢L for every Uc N(p). By 


oo 
hypothesis, we get BAU ¢ L, then p = C(a, B, y) € NB (L,). 
ii) Clearly. ZL; Ly Implies NA*(L,,r) < NA*(L,,r) as there may be other IFSs which belong to 


[5 so that for GIFP_ p=C(a,B,7)<_NA* but C(a@, f,y) may not be contained in NA’ (L,). 
iti) Since {Ov ye L for any NL on X, therefore by (ii) and Example 3.1, 
NA* (L) c NA® (10x \) = Ncl(A) for any NS A on X. Suppose p, = C, (a, 8.7) < Nel(NA*(L,)) + 


So for every U & N(p;), NA* AU # Oy, there exists P> =C,(a,B)< A*(L,)AU) such that 
for every V nbd of p,EN(ps)AAUEL. Since UAVeEN(p,) then 
AAU AV)¢L which leads to AAU ¢L, for every Ue N(C(a,f)) therefore 
Pi = C (a, Bye (a°(L ) and so Ncl(NA* )< NA* While, the other inclusion follows directly. 
Hence NA* = Ncl(NA*)-But the inequality WA* < Ncl(NA"*)- 

iv) The inclusion NA’ VNB’ <N (A VB y follows directly by (i). To show the other implication, let 
p=C(a, B,y)e N(Av B)" then for every UeEN(p), (AV B)AU €L, i, 
(A A U)v (B A U) ¢L. then, we have two cases AAU €L and BAU €L or the converse, 
this means that exist U,,U, <¢ N(C(a@, By) such thataA AU, ¢L, BAU, €L, AAU EL 
and BAU,¢L . Then AA(U,;AU,)eEL and BAU, AU,)é L this gives 
(Av B)A(U, AU,)EL, U, AU, €N(C(a@.8,7) which contradicts the hypothesis. Hence the 


equality holds in various cases. 
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v) By (iii), wehave NA” = Nel(NA")’ S$ Nel(NA’) = NA" jo¢ (X.7) bea GIFTS and L be GIFLon 


X. Let us define the neutrosophic closure operator l"(A)= AVA" for any GIFS A of X. Clearly, 
let Nel (A) is a neutrosophic operator. Let Nt (L) bent generated by Nel 

ie Nt"(L)={A: Nel"(A°) = A‘} 

L= {Oy} = Ncl*(A)= AU NA* = AUNcl(A) 


Now for every neutrosophic set A. So, 
Ne (On Dear . Again L= {all NSs on x} => WN (A)= A, sie NA =O, toe 
every neutrosophic set A so \ r'(L) is the neutrosophic discrete topology on X. So we can 


conclude by Theorem 4.1.(ii). Ne* (Ow ) = Nr (L) 


ie. Nt&NT | for any neutrosophic — ideal Ly oon X. In particular, we have for two 


topological neutrosophic ideals Ly, and /2 on xX 4Sb=nr (L)SGNr(L,) | 


Theorem.4.2. Let 7}, ZT) be two neutrosophic topologies on X. Then for any topological neutrosophic 
ideal Lon X, 7, <7, implies NA*(L,r,)c NA*(L,7,), for every A e L then Nr*, CNet", 


Proof. Clear. 
Abasis NG(L,7) for Nz*(L) can be described as follows: 


N B(L, t) = {A —-B:Aet,Be Lh Then we have the following theorem 
Theorem 4.3. NA(L, t)= {A—B :Aet,Be L} Forms a basis for the generated NT of the NT 


(x ; t) with topological neutrosophic ideal L on X. 


* 
Proof. Straight forward. The relationship between T and jyyT (L) established throughout the 
following result which have an immediately proof . 


Theorem 4.4. Let 7,72 be two neutrosophic topologies on X. Then for any topological 
neutrosophic ideal Lon X, Ty C T7 implies Nt* = Nr‘). 

Theorem 4.5: Let (x j t) be a NTS and L,,L, be two neutrosophic ideals on X. Then for any 
neutrosophic set A in X, we have 

i) NA*(L, V Ly,t)=NA*(L,,Nr*(L,) )a NA*(L,,N7*(L,)} 

ii) Nr*(L,VL,)= (wr*(L,)) (Ly) A N(c* (Ly) (L,) 

Proof Let p=C(a,f)¢(L,vL,.r), this means that there exists U,€ N(P) such that 
AAU, e(L,vL,) ie. There exists ¢@,eL, and bo ely such. that AAU, € (2, Vv ty) 
because of the heredity of Ly, and assuming /, \/, =Oy.Thus we have(4 , U,)—) = and 
(AAU, )-)=% therefore (U,,-¢;)AA=ly€L, and U, -ly)AA=l,€L, . Hence 
p=C(a,Byn¢ NA*(L,,.Ne"(L )) or p=C(a,f,y)¢NA™ (L,,.Ne*(L, )) because p must belong 
to either Ly or Ly but not to both. This gives 
NA*(L, Vv L,,t)2 NA*(L,,Nr*(L,) Ja NA“ (L,,Nc*(L)) .To show the second inclusion, let us 
assume p = C(a, B,v) ¢ NA*(L,,Ne*(L, h. This implies that there exist U, ¢ N(P) and £, €L, 
such that U, =L5 ) AAeL,- By the heredity of L,, if we assume that £ 2 <A and define 
@,=(U,-0)AA «Then we have AAU, €(¢,vl,)eL,VL, . Thus, 
NA*(L, V Ly,t)< NA*(L,,c°(L,) )ANA*(L,,Nr*(L)} and similarly, we can __ get 
A*(L, VL,,t)<A* (L, wt (Ly) }: This gives the other inclusion, which complete the proof. 

Corollary 4.1.Let (x ; t) be a NTS with topological neutrosophic ideal L on X. Then 
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i) 


ii) 


NA*(L,t) = NA*(L,t*) and Nr*(L) = N(Nr*(L))*(L) .- 
Nr*(L,V L,)=(Nr"(L,)) v(Wr*(L,)) 


Proof. Follows by applying the previous statement. 
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Abstract: This paper is devoted for presenting new neutrosophic similarity measures between 
neutrosophic graphs. We propose two ways to determine the neutrosophic distance between 
neutrosophic vertex graphs. The two neutrosophic distances are based on the Haussdorff distance, 
and a robust modified variant of the Haussdorff distance, moreover we show that they both satisfy 
the metric distance measure axioms. Furthermore, a similarity measure between neutrosophic edge 
graphs, that is based on a probabilistic variant of Haussdorff distance, is introduced. The aim is to 
use those measures for the purpose of matching neutrosophic graphs whose structure can be 
described in the neutrosophic domain. 


Keywords: Neutrosophic Graphs, Haussdorff Distance, Graph Matching. 





1. Introduction 


Graphs are essential for encoding information, which may serve in several fields ranging from 
computational biology to computer vision. The notion of graph theory was first introduced by Euler 
in 1736, given a graph where vertices and edges represent pairwise interactions between entities [2, 
5]. The past years have witnessed a high development in the areas of the applications of graphs of 
pattern recognition and computer vision, where graphs are the most powerful and handy tool used 
in representing both objects and concepts. The invariance properties, as well as the fact that graphs 
are well suited to model objects in terms of parts and their relations, make them very attractive for 
various applications. Hence, the theory of graph became an extremely useful tool for solving 
combinatorial problems in different areas such as geometry, algebra, number theory, topology, 
operations research, optimization and computer science [1]. In 1975, a fuzzy graph theory as a 
generalization of Euler’s graph theory was introduced by Rosenfeld [7], based on the concepts of 
fuzzy set theory proposed by Zadeh in 1965 [19]. 

In a world full of indeterminacy, traditional crisp set with its boundaries of truth and false has 
not infused itself with the ability of reflecting the reality. Therefore, neutrosophic found its place into 
contemporary research as an alternative representation of the real world. Established by Florentin 
Smarandache [16], Neutrosophy was presented as the study of "the origin, nature, and scope of 
neutralities, as well as their interactions with different ideational spectra". The main idea was to 
consider anentity “A” in relation to its opposite “Non-A”, and to that which is neither "A” nor” 
Non-A”, denoted by "Neut-A”. From then on, Neutrosophy became the basis of Neutrosophic Logic, 
Neutrosophic Probability, Neutrosophic Set Theory, and Neutrosophic Statistics. According to this 
theory every idea” A” tends to be neutralized and balanced by “neut-A” and ”non- A” ideas - as 
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a state of equilibrium. Ina classical way” A”, “neut-A”, anti-A” are disjoint two by two. But, since 
in many cases the borders between notions are vague, imprecise or sorties, it is possible that “A”, 
“neut-A” and anti-A” have common parts two by two, or even all three of them as well. In [16, 17], 
Smarandache introduced the fundamental concepts of neutrosophic set, that had led Salama and 
Smarandache [15], to provide a mathematical treatment for the neutrosophic phenomena which 
already existed in our real world. Moreover the work of Salama and Smarandache[15,16,17] formed 
a starting point to construct new branches of neutrosophic mathematics. Hence, Neutrosophic set 
theory turned out to be a generalization of both the classical and fuzzy counterparts. 

In [6,11,12,13], the authors gave a new dimension for the graph theory using the concept of 
neutrosophy, some study for different types of neutrosophic graphs were presented and some of their 
properties were investigated. The aim of this paper is to compute the dissimilarity between two 
graphs, our methodology is based on the Haussdorff distance, which is invariant to rotation. Whereas 
several neutrosophic distances where introduced in [4, 14], the authors constructed the neutrosophic 
distance between neutrosophic sets. The remaining of the paper is structured as follows: definitions 
of neutrosophic sets and graphs are presented in §2 and §3. Whereas, §4 introduces the idea behind 
the Haussdorff distance between two crisp sets. In §5.2 and §5.3, we propose two new neutrosophic 
dissimilarity measures between neutrosophic vertex graphs based on the classical and the modified 
Haussdorff distances. Furthermore, we investigate the metric axioms for the obtained distances. A 
neutrosophic similarity measure between neutrosophic edge graphs, based on a probabilistic variant 
of Haussdorff distance, is introduced in §5.3. 


2. Neutrosophic Sets 


let X be a space of points (objects), with a generic element in X denoted by x, a neutrosophic set 
A in X is characterized by a truth-membership function T, a indeterminacy-membership function I 
and a falsity-membership function F [15, 18], Thatis: T, I, F: x >] -0, 1+[. 

Where T (x), I(x) and F (x) are real standard or non-standard subsets of | -0, 1+ [. 

In general if there is no restriction on the sum of T (x), I(x) and F (x),so 0° S T(x)+ I(x)+F 
(x) < 3%. T,I, Fare called neutrosophic components. In this paper we will restrict our work to use 
the standard unit interval [0, 1]. 


3. Neutrosophic Graphs 


In [6], the authors defined the neutrosophic graph, to be a graph G < V, E > combined with six 
mappings, written in the form Gy = <V,E,To, Ie, Fe, Ty, ly, Fy >, where 

T,:V— [0,1] , 1,:V— [0,1], F,:V— [0,1] denoting the degree of membership ,degree of 
indeterminacy and non- membership of the element vi €V respectively and0 < T, (vi)+ 1, (vi) + 
F, (vi) s 3 forevery vi € V, (i=1,2,.....,n),and 
T.:Vx V [0,1], 2: Vx V — [0,1] and Ff: Vx V -—[0,1] are such that T, ( vj, 0, ) 
min(T, (Yj), T)(Yj)), Te(vir vj) S min(/,(Yyj),1,(yj)) and F.(vj,v;) < min (f(y), F,(vj))and 0 
T(t, vj) 1e(vi, 0+ Fp 0) -S 3-forevery (v;,0;)-6 EG, j=1, 2,3, ...4 n). 


IA IA 


The concept of neutrosophic graph was used by several authors; nevertheless they took different 
points of view when describing the interpretation of graph neutrosophy. We constructed the 
following structure depending on the one given in [6, 12]. 


3.1. Neutrosophic Edge Graphs 


A neutrosophic graph is defined as a graph combined with three mappings, written as G = 
V jE Te, Te ,F, ), where Te: VX V [0,1], Ie: VX V— [0,1] and F.: Vx V-—[0,1] are 
such that T.(v;,v;)< min (T,(v;),T,(y%)), le(vpvj) < min (1,(%),,(%j)) and F.(v;,v;) < min 
(F,(¥%), (yj) and 0 ST,(v;,0;) + I2(vj,¥;)+ Fo(v, vj) <3 forevery (v;,v;) € E (i, j= 1, 2,3, ...., 
n). 
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3.2. Neutrosophic Vertex Graphs 


The term neutrosophic vertex graph was used to define a graph of the form: 

G=(V ,E ploy Es ,f, ) combined with three mappings, written as T,:V— [0,1], 
1,:V— [0,1], F,:V— [0,1] denoting the degree of membership, degree of indeterminacy and non- 
membership of the element vi € V respectively and 0 < T, (vi) + JI, (vi)+ F, (vi) <3 for 
every vi € V,(i=1,2,.....,n). 


4. Haussdorff distance 


Since first introduced by Haussdorff in 1914 [8], the Haussdorff distance has been used in several 
areas including matching and recognition problems. It provides a means of computing the distance 
between sets of unordered observations when the correspondences between the individual items are 
unknown. In its most general setting, the Haussdorff distance measures how far two subsets of a 
metric space are from each other. It turns the set of non-empty compact subsets of a metric space into 
a metric space in its own right. Given two such sets, the closest point in the second set for each point 
in the first set is considered. Hence, the Haussdorff distance is the maximum over all these values. 
More formally, the classical Haussdorff distance (H D) [4, 10], between two finite point sets A and B 
is given by: 

H(A,B) = max(h(A, B), h(B, A)) 
Where the directed Haussdorff distance from A to B is defined to be: 
h(A, B) = max min|| a — bl 
acA beEB 

And ||.|| is some underlying norm on the points of A and B (e.g., the L, or Euclidean norm). 
Regardless of the norm, the Haussdorff metric captures the notion of the worst match between two 
objects. The computed value is the largest distance between a point in one set and a point in the other 
one. Several variants of the Haussdorff distance have been proposed as alternatives to the maximum 
of the minimum approach in the classical one, like Haussdorff fraction, Haussdorff quintile [10] and 
Spatially Coherent Matching [3]. 

A robust modified Haussdorff distance (MHD) based on the average distance value instead of 
the maximum value was proposed by Dubuisson and Jain [7], in this sense they defined the directed 
distance of the MHD as: 


1 
MH(A,B) = — ) milla — bl| 
A 


acA 


5. Neutrosophic Graph Similarity Measures 


In this section, we introduce neutrosophic graph similarity measures, based on the concept of 
Haussdorff distance and some of its variants. 

Firstly, we propose two new neutrosophic dissimilarity measures based on the classical and the 
modified Haussdorff distances [4, 6, 14]. Basically the neutrosophic dissimilarity measure is a triple: 
the first part is a dissimilarity measure of the true value of the neutrosophic object, the second part is 
a dissimilarity measure of the indeterminate value of the neutrosophic object, and the third part is a 
dissimilarity measure of the false value of the neutrosophic object; that is the opposite of the 
neutrosophic object. Secondly, we propose a new neutrosophic similarity measure based on the 
probabilistic Haussdorff distance [9]. With a similar structure, the neutrosophic similarity measure is 
also a triple as the explained in the neutrosophic dissimilarity measure. Obviously, if the 
indeterminate part does not exist (its measure is zero) and if the measure of the opposite object is 
ignored the suggested neutrosophic dissimilarity measure is reduced to the concept of Haussdorff 
distance in the fuzzy sense. 
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5.1 Neutrosophic Haussdorff Distance 


To commence, we consider two neutrosophic vertex graphs 
Gq =(Y Ey Ty) Iy1 Fy, ) and Gz = (Vy ,E, iT y2, Ty2 Fyn) , 
where V;, i= 1,2 are the sets of nodes, E;, where i= 1, 2 are the sets of edges and T,,;, 1,;, F,;, where i = 
1,2 are the matrices whose elements are the true, indeterminate and false values defined for each 
element of V;, i=1,2, respectively. We can now write the distances between the two neutrosophic 
vertex graphsG,, Gz as follows: 
NGD: (Gy 402) = Oven. (Gu Gp dna: (Ce G1), Fuca (Gu G2) 
Where, 
Teo (Gy, G2) = max(Tyea (Gr, G2), Tuea (G2, G1)) 
Ineo (Gy, G2) = max(Iyea (G1, G2), Inga (G2, G1)) 
Fygp (Gy,G2) = max(Fyga (G1, G2), Fuga(G2, G)) 
And 


Twoa(G1, G2) = maxmax min min||T,, (LL) -T1.,G)]| 


1 
etCey = YY Ite AG 
na(G1, G2) = maxmax>— pa Z| » (J) —h, Gd 
2 


Fxea(Gx, G2) = min min max max(|Fy, (L) -F,,@))| 


NGd(G2,G,) can be computed in a similar way. 


Proposition 1: The Neutrosophic vertex graph distance NGD satisfies the metric distance measure 
axioms: 


A1) (Symmetry): NGD (G1, G2.) = NGD (Gp, G4), 
A2) (Non-negativity): NGD (G,,G,) 2 0, 
A3) (Coincidence): if NGD (G,,G,)=0 then G, = Gz, 
AA) (Triangle Inequality): for any three neutrosophic vertex graphs G,,G2 and G3 
wehave: NGD(G,,G,)S : NGD (G,,G,) + NGD (G, G3). 
Poof: Al and A2 can easily be proven. 

A3): When NGD(G;, G2) = (Typ (G1, G2), Inep (G1, G2), Fuego (Gr, G2)) = (0,0,0), that is 
every component of the triple which is the maximum of two positive values is 
zero, the values of Tygq(G;, Gj) Inca(Gi, G;) and Fyga(Gi,G;) for i, j= 1, 2 are all 
zeros. Namely the maximum distance among the nearest nodes in both G,,G, 
is zero. That means that the distance between each element of V, and its nearest 
element in the set V, is zero. That is each element in V, coincides with an 
element in V, and vice versa; hence V, = V5. 

A4): Consider any three neutrosophic graphs G, = (VY; Ey Ty I, Fy) 
G. = (Vz ,E, ,T2, I, ,F, )and G3 = (V3 ,E3 ,T3, Ig Fz) 
For any 
lst © Ve, kK=1,2,3, we can easily see that: 
I T3 (iz, j3) a Ty (in Ja)Ih s IIT3 (iz, Js) i Tz (iz, Ja)Il + IT2 G2, J2) + T (in jl 
where the values Tx (ix, jx), K=1, 2,3, lye in the interval [0, 1]. Consequently, 
one can show that: 


max max min min|IT3(é3, j3) — Ti, ja) Ih 
i, eV, j1€V1 izeV3 jzeV3 


< max max min min||T3 (iz, j3) — Tz (iz, ja) | 
igeV2 j2eV2 i3e€V3 j3eV3 


+ max max min min ||T> (iz, j2) — Ti Jul 
i,eVyz j1€V1 igeV2 j2eV2 


That is: Tygq(G1,G3) < Tyeq (G2, G3) + Tyga(Gi, G2) and similarly Tygq(G3,G,) < 


TygalG3, G2) + Tyga (G2, Gy) 
Hence, max (Tyga(G1, G3), Tyga (G3, G1)) S max (Tyga(G2, G3), Tyga(G3,G2)) + max 


(Tyga(G1, G2),Twga(G2,G,)). Then, Tygp(G1,G3) S Tygp (G1, Gz) + Tygp (G2, G3). 
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The same procedure goes for both Iygp andFygp. That leads to 
NGD (G,, G3) < NGD (G,, G2) +NGD (Gz, G3). 


5.2 Modified Neutrosophic Haussdorff Distance 


Consider two neutrosophic vertex graphs G, =(V, , Ey plore lyi ,F,,) and Gz = 
(V, , Ey i Tyas Lye , Fy, +), where V;, i= 1, 2 are the sets of nodes, E;, where i= 1, 2 are the 
sets of edges and T,;,1,;,F,; , where i= 1, 2 are the matrices whose elements are the true, 
indeterminate and false values defined for each element of V;,i=1,2, respectively. We can 
now write the distances between the two neutrosophic vertex graphs G,, Gz as follows: 
MNGD (61,63) = (Tynep (G1, G2), [Meo (Gr G2), Funep (G1 G2)) 
Where, 
Tunep (G1, G2) = max (Tyvea(G1,G2),Tunca(Go,/G1)) 
Imuep(G1,G2) = max (Iynea(G1,G2)Imuea(G2/G1)) 
Funep(G1,G2) = max (Fyunea(G1,G2),Funca(G2,G1)) 
And, 


Tunoa (Gr, G2) = FT. > mn aa D-hG/ll 
Evy 


levy 


Iuwca(Gy G2) = mom» Ted, 2, IoD TGA 


V2 JEV2 
Fynca(Gy, G2) = aR. max max||F2 (I,J) -F, GPA 
iev, jevy 


Similarly, we can find MNGd (G2, G;). 

Proposition 2: The Modified Neutrosophic vertex graph distance MNGD satisfies the metric distance 

measure axioms: 
AA1) (symmetry): MNGD (G,,G,) = MNGD (G3, G,), 
AA2) (non-negativity): MNGD (G,,G2) 2 0, 
AA3) (coincidence): if MNGD (G4, G2) =0 then G, = G2, 
AA4) (triangle inequality): for any three neutrosophic vertex graphs G,,G, and G3 
we have: 
MNGD (G,,G3) < MNGD (G,,G2) + M NGD (G;,G3). 
Proof: Similar to the procedure used to prove Proposition 1. 


5.3 Probabilistic Neutrosophic Haussdorff Distance 


To overcome the robustness of both the classical and the modified Haussdorff distance, Hue and 
Hancock [9] have developed a probabilistic variant of the Haussdorff distance. This measure the 
similarity of the set of attributes rather than using defined set based distance measures. To commence, 
we recall two edge graphs G, =(V, Ey ylegy de: ppc Jig Sag = Ve. Ee Aes 
I,, ,Fe, ) aS mentioned before, the set of all nodes connected to the node I € G2 by an edge is 
defined as: 

= U|C,J) € £,}, and the corresponding set of nodes connected to thenode i€ G, by 
anedge (C; = {j|(i,j) € E,}. A measure for the match of the graph G, onto G, is: 
PNGD (Gy , G2) = (Tpnep (G1, G2), Ipnep (G1, G2), Fenep (Gy, G2)) 
where,Tpygp (G1, G2) = max(Tpyea (G1, G2), Tpnga (G2, G1)) 
Ipyep (G1, G2) = max(Ipyea (G1, G2), Ipuca(G2 G1)) 
Fpncp (G1, G2) = max(Fpyca(G1, G2), Fpnca(G2, Gi)) 
and, Tpyga(G1, G2) = diev, viject max weet PCG, Gp OD), Te, (i j)) 


t IEV2 


TaEaAp 2" raxman PC D? GD) Ve, Dt, GI) 


V2 ne 


Ipnca(G1, G2) = IV. | x IV. 
2 1 
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1€V2 JEc? 


1 
Fenoa(Gy G2) =). min min P((i,j) > (16) [Fey UD), Fa GA) 
IV2| x Vil Ve eet 


In this formula the posteriori probability P((i,j) > (J) > (LJ) |Te, UJ), Te, (i j)) represents the 
true value for the match of the G, edge (I, J) onto the G, edge (i, j) provided by the corresponding 
pair of T,,(,J) and T,,(i,j). This similarity measure works as follows, it commence with finding 
the maximum probability over the nodes in C? then averaging the edge compatibilities over the 
nodes C;. Similarly we consider the maximum probability over the nodes in the graph G, followed 
by averaging over the nodes in G,. It worth mentioned here that unlike Neutrosophic Haussdorff 
distance this similarity measure does not satisfy the distance axioms. Moreover, while the true 
components of the Neutrosophic Haussdorff distance measures the maximum distance between two 
sets of observations, our measures here returns the maximum similarity. Back to the rest formulae of 
the posteriori probability which represent the indeterminacy value and the false value for the match 
of the Gz edge (I, J) onto the G, edge (i,j) using similar procedure to the true value. We still need to 
compute the probabilities P((i,j) > (,J)|Te, J), Te, (J), 

PU) > GDle, J), le, iJ) and Pi j) > CL) Fe, J), Fe, (i,j). For that purpose we will 
use a robust weighting function: 
PLA) > “DIT, J), Te, GD) = aoe 
VuNek re (||T-, CJ) Te, AI) 

Po (Weg UJ) tey ADI) 

LuNeke ECs, GJ), Te, GA) 
P(A) > “DITE, WU), TR, GA) = 2 AAACN 
VaNek tlle GJ), F, Gj) II) 
Where [,(.) is a distance weighting function. There are several alternative robust weighting 


POG) > UD) Ve, Di te, 1) = 


functions. For instance, one may consider the Gaussian of the form 
=p2 2 
[,(p) = exp CS) where p? = (T., GPT D) according to the true part, 
2 2 
p= (i; GD) = 1 (ip) according to the indeterminacy part and p? = (Fe, GD=k, (i) 


according to the false part, where o is the standard deviation. The similarity measure can be viewed 
as an average pairwise attribute consistency measure. 


6. Conclusion and Future Work 


Graphs are the most powerful and handy tool used in representing objects and concepts. This 
paper is dedicated for presenting new neutrosophic similarity and dissimilarity measures between 
neutrosophic graphs. The proposed distance measures are based on the Haussdorff distance, a 
modified and a probabilistic variant of the Haussdorff distance, additionally we proved that the given 
Neutrosophic Haussdorff and the Neutrosophic Modified Haussdorff distances satisfy the metric 
distance measure axioms. The aim is to use those measures for the purpose of matching graphs whose 
structure is described in the neutrosophic domain. In our plan for the future we will consider using 
the deduced measurements in image processing applications, such as image clustering and 
segmentation. 
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Abstract: This paper, is an extension of another paper that was previously published in IJNS entitled 
"A study of the integration of neutrosophic thick function". In this paper, the concept of neutrosophic 
thick function has been introduced in the definition of other types of differential equations, which are 
Bernoulli's equation, Exact differentiale quation, Non- Exact differentiale quation, And integrating 
factors, Addition to the Ricati. Finally, solutions to this equation will be found. 
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1. Introduction 


Neutrosophic created by F. Smarandache, is a new logic in the mathematical world, which relies 
on the principle of indeterminacy, and this logic is considered as a generalization of fuzzy logic [1], 
which differs from classical logic. Also, in 2015, F. Smarandache, has defined the concept of 
continuation of a neutrosophic function in [1], and neutrosophic mereo-limit [1], mereo-continuity. 
Moreover, in 2014, he has defined the concept of a neutro-oscillator differential in [3], and mereo- 
derivative. Finally in 2013 he introduced neutrosophic integration in [2], and mereo-integral, besides 
the classical defintions of limit, continuity, deverative, and integral respectively. 

Recently, the neutrosophic crisp set theory may have application in image processing [4], [5] 
jthe neutrosophic sets [6] have application in the medical field [7], [8],[9],[10], the field of 
geographic information systems [11] and possible applications to database [12]. Also, neutrosophic 
triplet group application to physics [13]. Morever Several researches have made multiple 
contributions to neutrosophic topological [14],[15], [16], [17], [18], [19], [20], Also More 
researches have made multiple contributions to neutrosophic analysis[21]. Finally the neutrosophic 
integration may have application in calculus the areas between tow neutrosophic functions. 


2. Preliminaries 


In this paper f(x) = [f,(x), f2(x)] is called a Neutrosophic thick function. Now, we recall some 
definitions which are useful in this paper. 


Defintion 2.1. [22] .Let f(x) = [f,(x), fo(x)] be a neutrosophic thick function. Then we define the 


integration of this function such as: 
| f(xdx = | (AC. fi] ax =| | fil) dx + cy, | fox) dx +09] = [4,8] 


Where cy, = a, 4+ byl, ,Co = Ay + Dglh. 
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3. Neutrosophic Bernoulli's equation. 


In this section we defined the Neutrosophic bernoulli equation based on the thick function and find 
solutions to this equation. 


Defintion 3.1. 
This equation takes the following form: 
y+ [pi), poy = q@)y" .. (1) 
y+ p(x)y = (qi), q2(@)]y" «.. -.. (2) 
¥ + (pil), po) y = [a1 (4), qa) ly" «. (3) 


Now I will rely on the first model and the rest of the models in the same way: 


y + [pi (x), Pox) ly = q(x) y” 





Method of solution. 
1- We dived the ends of the equation (1) by y”: 
yy” + [pr(x), pox) y-"** = qe) ae ee (4) 

2- Now let: 

Z= yo htt 
Then: 

Z=(-n+1)y"y 
ee a 
es —n+1 


3- We substitute into equation (1): 


zy" + (—n + 1)[p1(), p2Q@)]z = (n+ Iq)... (5) 
It's a Neutrosophic non- homogeneous linear differential equation, we studied this equation in 


[22], we obtain the solution of this equation: 


1 


Z= a |" +bI+ | «@a@ax) 


Where p(x) is the complement to the equation (5). 


4- We obtain the general solution of the equation (1): 
a 
y= {z}-nt1 
Example 3.2. Find the general solution for the following neutrosophic bernoulli equation: 
i [ag]y =x" 
am cae al 
Solution. The equation given from the first form: 


¥+ [pr C), p2@)ly = aGdy" 
We dived the ends of the equation by y?: 


1 
is ae be YR aX wen (6) 


Now let: 
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z=y 
Then: 
Z=-2y3y 
a a 
ae 
Then: 


2 
Z+ j2x,=|2 =—-2x 
x 


It's a Neutrosophic non- homogeneous linear differential equation, the complement of this equation 
as follow: 

u(x) = [ex*, x?] 
We find that the general solution is written as: 


Z= (a + bi + | aed) 


1 
“al (a+or+| | ~2xe** dx , | -2x8ax }) 
C25 X 


1 3 —x4 
ZS py | a + bl t+ [ -e?ax | pax 
[7 x7] 2 


We obtain the general solution of the equation: 


caro |G later 


Example 3.3. Find the general solution for the following neutrosophic bernoulli equation: 
pg y= [-nce zy 
aoe area al (Geel Bd 

Solution. The equation given from the second form: 


yt pX)y = [a1), gay" 
We dived the ends of the equation by y*: 


yy? + =y7t = [-InGe) (7) 
yy eo = | ses 
Now let: 
z=yl 
Then: 
BSH y 
sea 
Then: 


Z- m2 = fincx), J 


It's a Neutrosophic non- homogeneous linear differential equation, the complement of this equation 


as follow: 
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1 
U(x) = = 


We find that the general solution is written as: 


Z= (a +bI + [ «cnaeax) 


(core | fas [a ) 


Z=X (a +bI+ finan x), -}) 





Z= 


RR] BR 


We obtain the general solution of the equation: 


i= {x (a + bil + finan).2])} 


Example 3.4. Find the general solution for the following neutrosophic bernoulli equation: 
y + [tanx, cotx|y = [sinx, cosx|y? 
Solution. The equation given from the second form: 


¥ + [Pi @), Poy = [1 @), 2) Iy” 
We dived the ends of the equation by y?: 


yy? + [tanx, cotx]y~1 = [sinx, cosx] ..... (8) 
Now let: 
Zaye 
Then: 
oy oy 
PS oyee 
Then: 


z+ [-tanx, —cotx|z = [—sinx,—cosx] 


It's a Neutrosophic non- homogeneous linear differential equation, the complement of this equation 
as follow: 


1 
os [coss, aa 


We find that the general solution is written as: 





1 
zZ=—— a+bi+ | x)q(x dx) 
aa | ue)a(x) 
—COSX 
Z= I (a+or+| | —sinx cosxdx a - dx }) 
[cosx, | pute 
sinx 
1 1 ; 

Z= ———(a +bI+ F cos2x ,— In(sinx)}) 

[cosx, 


We obtain the general solution of the equation: 
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-1 
1 
(a + bi + F cos2x ,—In(sinx)}) 


[cosx, —— 
sinx 


4. Neutrosophic Exact differential equation. 


In this section we defined the Neutrosophic Exact differential equation based on the thick function 
and find solutions to this equation. 


Defintion 4.1. Let the differential equation: 


[pi (x,y), Po (x, y)Jdx +[a@y), a2 yidy =0 ... (9) 
We say the Neutrosophic differential equation (9), is a Exact differential equation if .... The 


conditions: 
Opi Os 
Oy Ox 
OP. _ OP 
Oy Ox 


We obtain the general solution of this equation: 


x x y y 
| px@ ax, | pee vax p | Gordy, | a2@o.»ddy =a+bDl..... (10) 
xo xo yo yo 


Which %o,¥o is arbitrary constants. 


Example 4.2. Prove the equation is a exact differential equation, and Find the general solution for 


this equation: 
[3x2 + 6xy”, y — 2x3 ]dx + [6xy” + 4y?,x]dy =0 


Solution. We note: 








Op, Og, Op, Og, 
— =12xy ,— =12 — = — 
Oy Ay Ox ss ad Oy Ox 
Op2 0q2 Op, 942 
—=1,—-=13595—=— 
oy Ox Oy Ox 


Then the equation is exact and this solution is: 


x x y y 
| pia yar, | pee vax a | ax@o.yay, | a2@o.»ray =a+bl 
x0 x0 yo yo 


Now let x9 = 0, ¥9 = 0, then: 


y y 
+ | 49°¢y. | oay =a+bl 
0 


0 


x 


| 


x 
3x? + 6xy?dx, | y — 2x3 dx 
0 
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1 
Ee + 3x2y?, yx — pl + [y4,a,+b,4] =a+t+bl 


1 
|e + 3x?y? EY ESE +a,+b,],| =a+bl 


5. Neutrosophic non-Exact differential equation and complement factors. 


Defintion 5.1 . Let the differential equation: 
[pi ¥), Pa yldx + In@y), dae yIdy =0 ..... (11) 

We say the Neutrosophic differential equation(11), is a non-Exact differential equation if: 

Op, 2 O41 


ay” ax 


oy Ox 


Method of solution. 
1- We find the complement to the equation (11) as follows: 


H(z) = [44 (2), M2 (2)] 





Which 
Z=2(x,y) 

Op, _ 941 

dinu,(zZ) dy = ax 

dz. @z Oz 
N Ox ~ P1 ay 

OP. _ 942 

dInuz(z) dy dx 
d ~ Oz Oz 
e 12 Ox ~ P2 ay 


2- We multiply the ends of the equation (11) by the complement factor: 
[H1(Z)P1(%, Y), Mo(Z)p2(%, y)]dx + [Hy (Z)q1(%, ¥), H2(Z)a2(% y)]dy = 0 
Then the equation is a exact and obtain this solution by(10). 
Example 5.2 Find the general solution for the following equation: 
2xy + x*y + eee 22 dx + |x? + #7] dy =0 
Which p(x) = [4 (%), H2(%)]. 


solution. 
w(x) = [Wy (X), u2(x)] 





die. a oe 
NX) _ Vy x one 
dx ~ az af 
1 x ~ Pt ay 
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re eee ee 
NU2Z) | y xX ee 
dz > az ae gt 
12 Ox ~ P2 By 


Then: 


ux) = [e*, x7] 
We multiply the ends of the equation by the complement factor 


le* (2xy + x?y + 37") y- 2x3| dx + [e*(x*? + y?),x]dy = 0 
3 , , 


The last equation is a exact, and this siolution obtain as follow: 


x x y y 
1 
I e* (2xy + x*y + 37°) dx, Jo — 2x3)dx| + | e*(x92 + y*)dy, | xoay =a+t+bl 
x0 xo Yo Yo 


Now let x9 = 0, Yq = 0, then: 


y y 
+ [°a,. [@ay =a+t+blI 
0 


x 1 x 
| e* (2xy + x*y + 3y°) ax, { — 2x3)dx 
0 Yo 


0 





: Ty al en oe 
yx eos a 2 aoe + ey a, + byh| =a+bl 


2px Tos 1, x? = 
yx*e +3ye tay" yx gq tat bh =a+bl 


Example 5.3 Find the general solution for the following equation: 
[5x? + 2xy + 3y3,x* — y? + 2x]dx + [3x? + 3xy? + 6y3, x? — y? — 2y]dy =0 
Which p(x) = [Hy (x), Ho @)] 


solution. 


w(x) = [Hy (%), Ho (x)] 
nner. ae. 
NX) _ y x 2 
dx = Oz a ey 
N Ox ~ P1 ay 
aieGy aro oe 
NU2Z) | y Mes aos _ x+y 
dz a Oz Ay = 1 = balx) =e 
12 Ox ~ P2 dy 





Then: 
u(x) = [(x + y)?,e**”] 
We multiply the ends of the equation by the complement factor 
[x + y)?(Sx? + 2xy + 3y3), (x? — y? + 2x)er”]dx 
+ [(x + y)?(3x? + 3xy? + 6y*), (x? — y? — 2y)e**7]dy = 0 


The last equation is a exact, and this solution obtain as follow: 
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x x 
[o + y)?(Sx? + 2xy + 3y3)dx, [oe —y? + 2x)e**%dx 
x0 x0 
y y 
[ + y)*(Bx9? + 3xoy? + 6y?)dy, | Go? —y? —2y)e*tdy|=a+bl 
Yo Yo 


Now let x9 = 0, Yo = 0, then: 


y 
| 6y°dy, | (-y" — 2y)e"dy| =a+bl 
0 


0 





x 
[o + y)* (Gx? + 2xy + 3y)dx, | (? =o oe e**) dep 
: 0 





[x5 + 3yx* + (y? + 2xy + 3y?)x3 + By*t + y3)x? + 3xy, (x? — y?)e**7] + [y®, -y2e”] =atbl 
[(y? + 2xy + 3y?)x? + By* + y3)x? + 3xy> + y®, (x? —y7)e*t” — y2e”] =a +b! 


6. Neutrosophic Recati equation. 


In this section we defined the Neutrosophic recati equation based on the thick function and find 
solutions to this equation. 


Defintion 6.1. We define the Neutrosophic bernoulli equation by a neutrosophic thick function form: 
¥+ [ri@), Pe@ly* + [1C), aGdly + [1 C),72()] = 0... (12) 
And takes a particular solution: 


¥1 = 1h), fA@)] 


Example 6.2. Find the sae solution for the following neutrosophic ricati equation: 
2 


fr oe cosx alt —x sinx Oe ax 
Y |T=sinx cosx’1— x3 yr 1—sinx cosx’1—x3 or 1—sinx cosx’'1—x3] 7" 


If a particular solution is: 
y, = [cosx, —x?] 
Solution. We let: 
y = [cosx + z,,-x? + z,] 
y=[-sinx +24, ,-2x + Z] 
We substitute into equation (13): 


CcOsx 





[-sinx + Z,,-2x+Z,] | [z,2+2cosxz, + cos*x ,z,7 — 2xz, + 4x*] 


1 —sinx cosx’1—x 











-1 —x? P sinx —2x 
+ | ——_—_—— , ——_| [cosx + z,,-—x* + z,] + |—————__, —__, = 
1 — sinx cosx’1— x3 , 1 — sinx cosx’1— x3 
; 2cos?x —1 COsx ao 3x? 1 2|— 9 
Z4—- . Z4—- : Z4°,Zo + Zo — Zz. = 
1 1-—sinx cosx’? 1-—sinx cosx°1’°? © 1—x3°% 1-37? 
Then: 
2cos*x —1 COSx , 
Zo Z- Z1° =0 


1 — sinx cosx 1 — sinx cosx 


3x? 1 


ase oe 2 
Page? 1-x3"1 e 
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We obtain: 


=1 


7 = ty — sinx cosx Cay bil > sinx)} 


-1 


1 
22 >= {—; (az + bal, — o} 


Then the general solution for (13) is: 


y= [eos +{ 


-1 


1 tt 
Ta coeg (Oe Hal + sina} mx? + (ae + bale — 2} 


7. Conclusion 


In this paper, a new type of neutrosophic integration has been defined by using the thick function, 


Moreover, we studied a bernoulli's differential equation, exact differentiale quation, non-exact 


differentiale quation, Addition to the ricati based on the thick function, and found solutions to this 


equation. Also solutions of other types of neutrosophic differential equations can be found 


depending on the thick function such as lagrange equation, claurout equation, darbowx equation. 
We will work on this in the future. 
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Abstract: In this paper, we will define the definition of neutrosophic complex number, by forms 
cartesian and polar, and some application for it. For sum two neutrosophic complex number, product, 
and division. The main objective is define a power and roots of neutrosophic complex number, Also, 
define a neutrossophic complex functions, And conditions Cauchy-Riemann, In addition, we have 
given the method of denote the harmonic conjugate. 
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1. Introduction 


The American scientist and philosopher F. Smarandache came to place the neutrosophic logic in 
[5 — 6], and this logic is as a generalization of the fuzzy logic [7], conceived by L. Zadeh in 1965.The 
neutrosophic logic is of grerat in many areas of them, including applications in image processing 
[8 — 9], the field of geographic information systems [10], and possible applications to database 
[11 — 12], Neutrosophic logic. Neutrosophy, Neutrosophic set, Neutrosophic probabilityand alike, 
are recently creations of F. Smarandache, being characterized by having the indeterminacy as 
component of their framework,and a notable feature of neutrosophic logic is that can be considered 
a generaliazation of fuzzy logics, encompassing the classical logic as well [1]. Also. Finally F. 
Smarandache, presented the definition of the standard form of neutrosophic conditions for the 
division of two neutrosophic real numbers to exist, he defined the standard form of neutrosophic 
complex number in year 2011 in [2]. 

Among the recent applications there are: neutrosophic crisp set theory in image processing 
[13][14], neutrosophic sets medical field [15][16][17][18][19], in information geographic systems 
[20] and possible applications to database [21]. Also, neutrosophic triplet group application to 
physics [22]. Morever Several researches have made multiple contributions to neutrosophic 
topological [23][24][25][26][27][28][29], Also More researches have made multiple contributions to 
neutrosophic analysis [30]. This paper aims to study and define the roots of neutrosophic number, 
and a neutrossophic complex functions, conditions Cauchy-Riemann, In addition, and the harmonic 
conjugate. 


2. Preliminaries 


In this paperwe recall some definitions which are useful in this paper. 

Definition 2.1. [1] Neutrosophic Real Number: Suppose that w is a neutrosophic number, then it 
takes the following standard form: w = a+ bI where a,b are real coefficients, and I represent 
indeterminacy, such 0.1 = 0 and I” =I for all positive integers n. 
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For example: 
w=1+2],w=3=3+0I/ 
Definition 2.2. [1] 
Division of neutrosophic real numbers: 
Suppose that w,,w2 are two neutrosophic number, where 
W, =a, + byl,wz = az + bal 
Then: 


Wy ay + b,I ay az by = a,b 


i ar a Gary ee (1) 
Definition 2.3. [2] 
Neutrosophic Complex Number: 
Suppose that z is a neutrosophic complex number, then it takes the following standard form: z = 
a+ bl +i(c+dIl) where a,b,c,d are real coefficients, and J indeterminacy, such i? = —-1 then i= 
v-1. 
We recall a + bI the real part, then it takes the following standard form Re(z) =a + Dl. 
We recall c + dl the imagine part, then it takes the following standard form Im(z) =c + dl. 
For example: 
z=44+/4+i(22+2) 
Note: we can say that any real number can be considered a nutrosophic number. 
For example: z= 3 =3+0.1+i(0+0./) 
Definition 2.4. [2] 
Conjugate of a neutrosophic complex number: 
Suppose that z is a neutrosophic complex number, where z = a + b] + i(c + dI). We demote the 
conjugate of a neutrosophic complex number by Z and define it by the following form: 
Z=a+bl—i(c+dl) 

Example 2.5. 

Zz=44/4+i124+2) >7=441-i(24+2/ 
Definition 2.6. [3] 
The absolute value of a neutrosophic complex number: 
Suppose that z=a+bI+i(c+d/) is a neutrosophic complex number, the absolute value of a 
neutrosophic complex number defined by the following form: 

\z| = (a+b)? + (c + dl? 

Remarks 2.7 [3] 

(1). (Z) =z. 

(2).zZ +z = 2Re(z) 

(3).z —Z = 2Im(z) 

(4).4 +2 =%44+% 

(S). 24-22 = 2.22 


(6). z.Z = |z|? 
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3. The polar form of a neutrosophic complex number 


Definition 3.1. [4] 


We defined the exponential form of a neutrosophic complex number as follows: 
i(@+1) 











z=re 
Where: 
r= |z| = /(a+ bl? + (c +.dl)? 
x atbi 
cos(@ +1) =—= 
r r 
; y ctdl 
sin(@+/)=—= 
r r 
Then: 


z=re'@+) = rcos(6+1D +i rsin@+) 
Remarks 3.2 [4] 
i(64 +14) 


(1). 21.2. =e retG2th) = prnetGt2tD » +h =! 


a eh) ae 





(2). ef@1-824D » J, -1,=1 


Zp = rel@2th) Fr, 
(3).z.Z = |z|? =r? 
(4). 7 = ret@+D 


Example 3.3. Let: 


Z1 = oes!) ; Z2 = ol(Z+) 
Then: 
Zy — 907i F+) ; Z> — o (Ft!) 


.( 270 
zy _ 205") ete 
Zo oi(Z+!) 


4. The Power of a neutrosophic complex number. 


i(O+1) 


Definition 4.1. Suppose that Z = re is a neutrosophic complex number, the power of a 


neutrosophic complex number defined by the following form: 
gn = (rei@+D)" = rrein@+) = rt eilntn) 


Then: 


Z™ = preilnO+) = 7” cos(nd + nl) +ir™ sin(né + nl)..... (2) 


Example 4.2. Let z = rez) find 24,2", 
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Solution. 


(270 (Tl TU TC 
2 — 72,U5 +21) _ U5+21) _ os . . ox! 
Zz ee ) = rel ) = 1cos ($+ 2/) +i tsin ($+ 21) 
(8 : 
78 = [Pel @t8!) — pointer — I cos(2m + 8) + il sin(2m + 8/) 


5. The Roots of a neutrosophic complex number. 


Definition 5.1. 


i(O+1) 


Suppose that Z = re is a neutrosophic complex number, a a neutrosophic complex number 


n 


w = fel*) = @ + BI + i(y + 61), and it satisfay relation z = w” is call the root by a neutrosophic 
complex number 2, we have: 


1 











w= “z=z0n 
Then: 
w = |wlet) => |[z| = |w|Pei@Gt) = retOt), e2tk — lw" =r jn(pt+l) =(641) + 2nk 
6 +1) + 2k (ee Dremk 
Siar pt aCe OFM Ly, = yea Vrelor = Yr) 
= wy = Vz = Vr cos (CPP ) + j Vr sin (CPr" k = 0,1,2,...... ane erence (3) 
Example 5.2. Let z = ellat) find Vz. 
Solution. 
O+1)+ 2mk O+1)+ 2mk 
w, = Vz = Vrcos (oo) +i Visin(C*O =) 
—* +14+2nk EE Dike 
= a AF 2 ari ee 2 
w, = Vz = cos | ——————— ] + i sin | 
3 3 
k =0 > Wy = cos +i sin 3 
(A) 4: ‘ (7) 
=> = —— —— 
Wo = cos ; i sin P 
By using (1) we have: 
—m+2I SS * Ey 
6 6 3 
(F+5i)+i (451) 
=> — — _ — a 
Wo = cos|—— +3 isin(=-+3 
Ss +14 2n Ss +14 2n 
k=1=>w, = cos aa +i sin ck ae 
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31 31 
zt! age hal 
3 





=> Ww, = cos +i sin 











3n+21\ |. (3n4+2I 
= w; = cos ( ) +i sin( ) 


By using (1) we have: 
3a +21 _t 1 








=-4-I 
6 213 
= rtsl)+i +5!) 
= w, = cos (5 3 i sin (5 3 
+1440 +1440 
k =2 > wy, = cos | ———_-———_ ] +i sin| ~~ 
3 3 
ae, ne 
=> W2 = cos +i sin 








In+21\ | | (7a +2 
= wz = 00s ( 5 ) +i sin( ) 


By using (1) we have: 





(ea FG 
6 ~ 6 3 


(Fs 5ijsi . (F+5:) 
=> = — — — = 
W2 cos 6 3 tl sin 6 3 


6. A neutrosophic complex Function. 


Definition 6.1 


Let z= (x+I+i(y+I]),w = (ut) +ifv + J), Then we call the function: 


w=f(z)>we=(ut+)D+iv+eND=f(x*+)+iyt+D) 
Is a neutrosophic complex Function. 
Example 6.2. Let w = f(z) = |z|* find the real part and imagine part. 


Solution. 


Let z= («+ D+i(y+D,w= (ut+D +ifvt+ D, then: 





2 
w= (ut) +i@vtl =(V@+D? +040?) 
=>we(ut)t+iv+D=x*+y?+(2x+2y4+1)/ 
S(utND=x*+y2+(2x4+2y+1) ,vt+N=0+01 


Definition 6. 3. Cauchy-Riemann conditions. 
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Cartesian: 


Suppose that w = f(z) isa neutrosophic complex Function, where z = (x +N) +iQy+ D, 


w =(u+1)+i(v+1), Cauchy-Riemann conditions by Cartesian defined by the following 
form: 
Ou+D daw+dD 
axt+N dayt+D (4) 
Ove+N dut+D” 
dxt+D  oayt+) 


And derivate for function w = f(z) defined by the following form: 


0u+D owt) 
dat+h  aat+n 


du+D (awt+D 


or f(@) ~a@y7+n ‘ayt+D 


f@ = 


Example 6.4. Let f(z) =z”, prove f(z) = 2z. 
Solution. 
Let z= (*+D+i(y+D,w= (ut+D +ifv+ D, then: 


(utD+ivt+t) =(?-y24+2ae-yltD+i2e4+Dy+) 
> (ut) = (x?-y?+2«-yI+1 
=S(v04+D=20@4+D0+) 














Then: 
d(ut+ I) d(ut+ I) 

=2 2I, =-2y-2] 
qa) Pe aye) 
av+) av+I) 
ICED oo OGD 


dut+l) dw+t 

dxth dayvt) 
Ovt+t) dutI) 
axth  dayt+h 








Cauchy-Riemann conditions is satisfytion. Then we have: 


dut+D owt) 


f@ ae saan 7 I® =2x+21+i(2y+21 )=2((«+D+i(y+D) =22 
= f(z) =2z 
Polar: 


Suppose that w = f(z) isa neutrosophic complex Function, where z = re!@+) w= (w+ I) + 
iv+D 
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Cauchy-Riemann conditions by Polar defined by the following form: 


Ou+D 10”~74+D 

art+h rae@r+h (6) 
Ov+N 10u+HD 
ar+h  ro@t+n 





And derivate for function w = f(z) defined by the following form: 


0ut+D dv+D dv4+)D 


r -i(0+ pee SE 6% 
f@=e (@ (Sent een) or f(@) =~e (@ err 


Example 6.5. Let f(z) = S prove f(z) = =. 


Solution. 


Let z= re), w= (u+1D+ifv +0), then: 


1 1. 
z _ — _ p-i(+l) 
(ut+N+iv+D= 7th = ae 


1 1 
=S[](ut!l)+iv+ND= 7 cos(@ +1)-i ; sin@ +1) 





=>(ut!I)= “c0s(6 +1I)= epee +1) 
Then: 

pet) =— 7 cos(@ + 1) 

art+D  (r4+n-) 
SO aD 

0(6 +1) (r+I)-I 

av t+) = ee + I) 

a(r +1) (r+D-1) 

get) cos(@ +!) 





ae@+h (r+H-! 


dut+l 10W~4+d 
ar+]l) rdoe+) 
Ovt+t) 1d(u +1) 
ar+h rae@+h 





Cauchy-Riemann conditions is satisfytion. Then we have: 





Are Od) 





= f(z) = HOH (se +1 owt >| 
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: ; 1 
f(z) = eiO+D (- ows +1) +i—WY—s sin(6 + n) 
(r+D-1) (r+D-1) 
F 1 , 
= f(Z)= “Cen +1) —isin(@ + /)) 
2 7 
= f@) ae 1 , e+) p-i(6+D 
(r+D-1) 
= f@)=- 1 5 e724) 
(r+D-1) 
1 
=, A aoe —2i(@+1) 
aaa a SY RIOR SV EPG A 
1 
= 4 = -2i(6+1) 
IM) aay = Ol SO Ie 
1 , 
= m7" ~2i(6 +1) 
I@) =~ ay oFT 4 ol — orl 212° 
i er 1 1 —1 
Ee a = BM IOFD —, 5 a= = 
=>f(z)= mae ea r2e2@+D) —— (reil@+D)2 72 
‘ =f 
=f@=2 


7. A neutrosophic complex Harmonic Function. 
Definition 7. 1. 


Suppose that h = h(x +I ,y+J) isa neutrosophic real Function, we say h(x +I ,y +I) is 
aa neutrosophic harmonic Function, if satisfy the Laplas equation: 


azh_ | a2h_ 
a(xt+D2 davyt+D2 





Definition 7. 2. A harmonic conjugate Cartesian. 


Suppose that (u+J),(v +) is aneutrosophic harmonic Functions, we say (v + I) is a harmonic 
conjugate by (u+ J), if Qa+1,( +) are satisfy Cauchy- Riemann conditions. 


Example 7.3. Let f(z) = 5 


1- Prove (u+),(v+J are aneutrosophic harmonic Functions. 
2- Find the harmonic conjugate (v + I). 

Solution. 
1- Letz=(*+D+igt+D,w= (ut +iw+4+ JD, then: 


utD+iv+D =? -y?4+2«-yl4+D+i2@4+Dy4+D 
=> (ut) = (x? -y*+2x-yI+D 
=[](v04+D=2e@4+)D0+) 
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Then: 
d(ut+ I) d(ut+ I) 
ae rag) geen ene ey 
dGoely oo Gee) 
6v+t) 6v+t) 
aa EEL DF oe ay 4 OF 
dae PA agen 
d2(u+I) _ d2(u+1) _ 
A(x tI? ~ A(y+ D2 
d2(v+1) | d2(v+1) | 
A(x+1D2 ~~ 'AGW+D2 — 
We have: 


O2(ut+TD da2ut+D < 


eh Se ED = 6 
O(x+D2 aliyt+D? 


The function (u +I) satisfy Laplac equation, so (u+ J) is aneutrosophic harmonic Functions. 


Similary we have: 


O2(v+D da2v4+D 


————S (J 0=0 
aatn?  ayrne 


The function (v + I) satisfy Laplac equation, so (v + I) is aneutrosophic harmonic Functions. 


2- We have: 


Out+hD dawt+h 
ax+N ayvtD 
Ovt+) d(ut+ TF) 
ax+D dayt+n 








Then (u+J),(v +I) are satisfy Cauchy Riemann conditions, forever (v + I) is a harmonic 
conjugate by (u + J). 


Example 7.4. Let (u+ 1D = 2(«+ 1 —2(*%+ D(y + D. Finde Find the harmonic conjugate (v + I) 
and write f(z) by z. 


Solution. 


1- We prove the function (wu + I) is a neutrosophic harmonic Function. 


a(u+ 1) d2tu+I) | 
ae Ot ea 
Out) _ d2(u+1) _ 
agen FO agen 
Then: 


O2(ut+!) d2(ut+!) 
=0+0=0 
O(x+I)2 Avy +1)? 
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Then (u + J) is aneutrosophic harmonic Function. 


2- We use the first condition of Cauchy Riemann conditions. Then: 


Qut+l) dav+l) Ov+) 
ax+D ayt+h aytn 





=2-2(yt+N)......(9) 


3- We integral (9) for (y + I), we have: 


Ovt+t) 


AGED v= [e 20 +D)dv t+ D4+¥@+D 


S(v4+ND=2y4+D-W+)D? +Waet+).... (10) 
Where w(x + I) is a constant integral. 


4- We derivate (10) by (x + I), we have: 


6v+t) 
(«+I 





=p(xt+) 


5- We use the second condition of Cauchy Riemann conditions. Then: 


6v+t) _ dut+ I) 


Ie+D OG ED ee Tet 


By integrating the latter, we obtain: 
[ ¥@ +Dd(x+D= | 2x + Dd(x+D 
>wxetD=(a4+D2+at+d! 
6- we obtain: 
(v+ D=2(y+D-(yt+D?24+(«4+D?+a+bd! 


Now: 


fm=ut+DHDt+iw+h 

=> f(z) =2(x+D-2e4+Dyvt+D+i2v+D-Wvt+D?+@4+)? +at+d/) 

=> f(z) = 2x4 D-2e¢4+Dy4+)D4+i2v4+)D-iv +t)? +ia+D*? +ia+b) 
= f(z) =2(«4+D +i t)D) +i(e+D? -G+)? + i2@4+Dy+D)+ilatb) 
= f(z) = 2z+ iz? +i(at bl). 


Example 7.5. Let (ut+I) = e+) cos(y + I). Finde Find the harmonic conjugate (v+ I) and write 
f(z) byz. 


Solution. 


1- We prove the function (wu + J) is a neutrosophic harmonic Function. 


dut+ I) 
6(x4+1) 


d2(ut+J) 


seats OTD 


= e@) cos(y + 1) => 
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dut+I) _ 
ayth 


O2(tut+! 
—e*) sin(y+ 1D => — = —e+) cos(y +1) 


Then: 
d2(ut+!I) d2ut+!l 
Te? 2 eid = e&*) costy +1) — e* cos(y + 1) = 0 


Then (uw + J) is aneutrosophic harmonic Function. 


2- We use the first condition of Cauchy Riemann conditions. Then: 


Qut+l dav+l Ov+N 


— p(xt+l 
ax+h aytn = aytD e%*) cos(y +1)... ... (11) 





3- We integral (11) for (y+ I), we have: 


Owt+! 

dy +1) = [tee cos(y +) )diy+ D+ v~e+D 
=> (vt) =e siny+ D+ Wat)... (12) 

Where w(x + I) is a constant integral. 


4- We derivate (12) by (x + I), we have: 


6v+t) 


aaeh~ e@* singy+ D+ B(x +) 


5- We use the second condition of Cauchy Riemann conditions. Then: 


Avt+!)_  dtut I) 

a(xx+I = AGy+ I) 

= —e') sin(y + 1D — Px + 1 = -e* siny + D 
= P(x+l =0 


By integrating the latter, we obtain: 
[ ¥@ +Dd(x+ND= [oa +1) 
(x«+1I)=>wp=a+bd!I 
6- we obtain: 
(vt+D =e" siny+ND+a+t+ bl 
Now: 


f@=UtDt+ived 

= f(z) =e cos(y +1) + i(e@*? sin(y +) +a + BI) 
=> f(z) =e cos(y +1) + ie sinGy+ D+ i(at+ bl 
=> f(z) =e*(cos(y +1) +isin(Gy + D) +i(at bI) 
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=> f(z) =eFMe!O*) + i(a+ bd) 
= f@yaeC OOM + tabi) 
= f(z) =e’ +i(at+Dl). 


Example 7.6. Let (u+ 1D = e9* cos(x + I). Finde Find the harmonic conjugate (v +I) and write 
f(z) by z, and find f(z). 


Solution. 


1- We prove the function (wu + J) is a neutrosophic harmonic Function. 


d(ut I) 02(ut+T) 

So ee a OED Gi Ree ee = pth) I 
aa 4+1 e sinw +1) => aa +)? e cos(x + I) 
d(ut I) d2(u+l) 

ie OP Gane 
Then: 


d2(ut+I) d2ut+!) 
a(xt+D?  Av+h?2~ —e9*) cos(x +1) +e? cos(x +1) = 0 





Then (u+J) is aneutrosophic harmonic Function. 


2- We use the first condition of Cauchy Riemann conditions. Then: 


Qut+l) dav+l) Out) _ 


axe+N aytD dayth —e9' sin(x + 1)... ... (13) 





3- We integral (13) for (y+ I), we have: 


Ovt+t) 


ay ent?’ +I= [ceo sin(x + 1))diy +D4+We4+ND 


=> (vt I =e) sink + D+ Wet))..... (14) 
Where w(x + I) is a constant integral. 


4- We derivate (14) by (x + I), we have: 


O(vt+I) © 


Se lV) j I 
a(x +1 e cos(x +/) +Wx +I) 


5- We use the second condition of Cauchy Riemann conditions. Then: 
6v+t) - d(ut+ I) 
axt+D dayth 
= e+) cos(x +1) — p(x + I = e%*) cos(x +1) 
=> (x +1 =0 


By integrating the latter, we obtain: 


[ ¥@ +Dd(x+D= [ac +1) 
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=>v(e+lD)=a+bl 

6- we obtain: 

(v+ 1) =—e9*) sin(x+ 1 +at+bl 


Now: 


fgm=ut+DHDt+iw+h) 

=> f(z) = e*) cos(x +1) + i(-e*) sin(x + J) +a+t b!) 
=> f(z) =e *) cos(x + 1) — ie +) sin(x + 1) + i(a + bl) 
= f(z) = e9*)(cos(x + 1) — ie%*” sin(x + 1)) + i(a + bd) 
=> f(z) = eF MeO) + ia + DI) 

= f(z) = eV DD + i(a +b) 

= f(z) = eUGtD+HO+D) + i(a + BI) 

=> f(z) =e" +i(a+ Dl). 


Now: 


Out+lI) OWwti) 


fQ=s0ant aeen 


=> f(z) = —e*) sin(x + I — ie cos(x +1) 


7 1 
=> f(z) = —ieW*P (cose +1) + 7 sin® + ) 


=> f(z) = —ie9*) (cos(x + 1) — isin(x +)) 


= f(z) = —ie WD e-H+) 
=> f(@ = —jeVtDe-ia+) 
= f@ = —je-(@+NtiG+n) 
=> f(z) = -ie~# 


Example 7.7. Find the value of a,B for the function: 
(ut+ D =ax+D?vt+D+ Bot)? -3(yt+D2+2a+D? 


is a harmonic function. And finde Find the harmonic conjugate (v + I) and write f(z) by z, and 


find f(z). 
Solution. 


The function (w+ J) is a harmonic function is it satisfay the Laplac equation. 


d2(u+!) d2utl) | 
A(x t+D2  A(yt+ D2 — 





Now we have: 


d2Qu+!) O2utl) | 
A(x +12 aiyt+D2 





Malath F. Alaswad., A Study of a Neutrosophic Complex Numbers and Applications 


Neutrosophic knowledge, Vol. 1, 2020 37 of 95 


d(ut I) 
02(u t+ I) 
d(ut I) i ‘ 
FICE SS ea + 2B +I -90 4+) 
02 I 
a a BP = 180+ 


O2(u+!I) d2(ut+I) 


dat? ay 4+)? =0> 20 +1) +4+ 26 —18(y+/) =0 


= (2a-18)(y+N+44+ 28 =0=007+ND+0 
Then, we have: 


peep __2 


4-2p 0 8 =? 2h 
Then: 
(ut D=9x+D2(y+ D—-2(y4+ D1? -3(yvt+ D2 4+ 2x+ 1? 


Now a harmonic conjugate: 


dut+I) _ 
O(ut+ I) y 2 


1- We use the first condition of Cauchy Riemann conditions. Then: 


dutND Avt+N  dave+h 
dxt+h day+h ayth 184+ D(yt+D+4(x4+D...... (15) 
2- We integral (15) for (y + 1), we have: 


dv4+) 


SOE 1 +) = [18] +DG +) +4 +D)dO +) + 9G +0 


S(v4+N=9ytD2*4+DN4+404D04+D4+ Wet)... (16) 
Where w(x + I) is a constant integral. 


3- We derivate (16) by (x + I, we have: 


OOP Ly 4 ; 
Gan +4y74+D4+Wve4+1 


4- We use the second condition of Cauchy Riemann conditions. Then: 


A(v+1) _ d(ut+ I) 
axt+D davtD 
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=> 9x41? -4G+D-9¢7 4D? =-97 + D2? - 47+ D-Wo td) 
= W(x +1) =-9(« +1)? 
By integrating the latter, we obtain: 


[ ¥@ +Dd(x+D= | —9(x + 1)?d(x +1) 
>vVv(«etND=-3(«+D%+a+bl 

5- we obtain: 

vt D=9y7t+D2x44+DN4+4x4+Dy+D-344+D%?+a+b! 


Now: 


f~=u4+ND+iv4+D 

=> f(z) = 9x4 D2(v t+ D-2iy4+ D2? -3(yv+ D2 4+ 241? 
+19 4D2(x4+D4404+D074+)D-304+D?+at+b/I 

=> f(z) =9x + D2vtD-20 4+)? -30 4 D2 +2e4+D)27+i9GvtD2xe+D+i4e4Dy4+) 
—i3(x +1)? +i(a + bl) 

= f(z) =2(«¢4+D?-Gt)? +i t+ Dy t+D))-B@4+D%2 +1730 4+D%2 -PF9«%+ D2 +) 
+i9(ytD2(x+D+iCat+ b+ 

= f(z) =2((«+)D +i + 1D) —3i(@ + D3 -iy + D3 + 31a +I? t+) -3iv + D2 4D) 
+i(a+ bl) 

= f(z) =2(@+D+i(yt+D) —3i(@+D tit D) +ilat+d) 

=> f(z) = 2z7 — 3iz3 + i(at bl) 


Now: 


Out!) dwt) 
JOD) OGD 





f@) = 


=> f(z) = 18 + DNiytD+4e4D+i9WV+)D*?+4y 4+) -9«4+ 1?) 
=> f(z) = 18 + DNytDN+4e4D4+i9(y +)? + i4y +) -i9(«e + 1 
= fz) =4(«4+D +i +D)—-i9(@4+D?-(4+D? +2ie+D0+4+D) 
= f(2) =4(@+D +i(yt+D)-i9(«F+D+iGn+D) 

= f(z) = 42 —- 9iz? 


8. Conclusion 


In this paper, a new type of complex functions has been defined by using the neutrosophic real 
number and neutrosophic complex number, Moreover, we studied a harmonic function, harmonic 
conjugate, and Cauchy Riemann conditions. Also solutions of other types of neutrosophic complex 
equations can be found depending on the complex numbers. We will work on this in the future. 
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Abstract: This paper is specialized with fuzzy random multi-objective unbalanced transportation 
data problems by using of fuzzy programming technique when the sources and destination 
parameters are fuzzy random variables in inequality type of constraints. In this paper, we focus on 
the solution procedure of the specified transportation data problems where the objective functions 
are minimization type and supplies and demands are replaced by the fuzzy random variables. We 
first convert the fuzzy random multi-objective unbalanced transportation problem into deterministic 
problem by using fuzzy random chance constraints approach. By introducing the concept of linear 
membership function of fuzzy programming, multi-objective deterministic transportation problem 
is converted into single objective deterministic problem and then we solve it and we obtain the 
optimal compromise solution. Lastly a numerical example is provided for illustration the 
methodology. 


Keywords: Fuzzy Programming, Fuzzy Random chance constrained programming, Stochastic 
Transportation Data Problems, Multi-objective Decision Making. 





1. Introduction 


A linear programming problem is said to be probabilistic linear programming (PLP) [23] 
problem if one or more of the parameters is known only by its probability distribution. These 
problems can be solved by one of the following principal approaches: (i) Expected value model 
(EVM), which optimizes expected objective function subject to some expected constraints (see, 
Sengpta [24] ; Liu [18]), (ii) Linear programming under uncertainty which, in some special cases, is 
called two stages programming under uncertainty. The two-stage approach was inutility presented 
Dantizing [10], and (iii) Chance-constrained programming (CCP) developed by Charnce and 
Cooper [7, 8, 9], (CCP) offers a powerful means of modeling stochastic decision systems with the 
assumption that the stochastic constraints will hold at least the 100(a )% of time. 


Stancu-Minasian and Wets [25] discussed different stochastic multi objective programming 
problems; the chebyshev's problem, the stochastic goal programming problem, the fractional 
programming problem and the multiple minimum-risk problem. Armstrong and Balintfly [2] studied 
the stochastic linear VOP by using the disjoint chance-constrained approach to solve the problem in 
case of the left hand side parameters are independent random variables normally distributed. Stancu- 
Minasian [26] solved a stochastic linear multi objective programming problem with random 
parameters in the objectives. A general review of stochastic multi objective programming problems 
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could be found in references [16, 23]. The fuzzy mathematical programming can be classified into 
three categories in view of the kinds of uncertainties treated in the method. The fuzzy mathematical 
programming in the first category was initially developed by Bellman and zadeh [3]. Tanaka and 
Asai [24] and Zimmerman [29, 30]. It treats decision making problem under fuzzy goals and 
constraints. The fuzzy goals and constraints represent the flexibility of the target values of objective 
functions and the elasticity of constraints. 

The second category in fuzzy mathematical programming treats ambiguous coefficients of 
objective functions and constraints. Dubois and Prad [11] treated systems of linear equations with 
ambiguous coefficients suggesting the possible application to fuzzy mathematical programming for 
the first time. This kind of programming is called possibilistic programming that has been 
approached by many authors in the literature such as Dubois [11,12, 13], Buckley [6], and others. 

The last type of fuzzy mathematical programming treats ambiguous coefficient as well as vague 
decision maker's For optimization problems with fuzzy random information, we need fuzzy 
random programming to model them. Some fuzzy random linear programming with single objective 
has been discussed by several researchers, see, e.g., Wang and Qiao [28]. They incorporated fuzzy 
random variable coefficients in linear programming, within the "here and now" and the "wait and 
see” philosophies. Luhandjula and Gupta [20] described an approach for solving a linear program 
with fuzzy random. Liu [18,19] presented a new concept of chance of fuzzy random events and then 
constructs a general framework of fuzzy random chance-constrained program (CCP). Abo El-Kheir 
[1] presented a new concept of fuzzy random chance constrained linear programming when fuzzy 
number is symmetric and random variables are normal (by using LR fuzzy number). 

The transportation problem is an earliest application of linear programming problem. Hitchcock 
[15] was first developed the basis concept of transportation problem and later discussed in detailed 
by Koopmans [17]. In 1973, Appa [3] considered variants of the transportation in which all constraints 
involving the supply and demand are of inequality type. However, he has not considered the supply 
and demand constraints are of mixed type. Brigden [5] extended the concept of Appa [3] and 
considered the mixed type constraints. Then the original problem is converted into a related 
transportation problem with equality type of constraints by augmenting the original problem with 
the addition of two sources and two destinations. He obtained the optimal solution of the original 
problem from the optimal solution of transformed transportation problem. Mahaptra, Roy and 
Biswal [21] considered the fuzzy programming technique to stochastic multi-objective unbalanced 
transportation problem when the sources and the destination parameters are random variables. 


1.1 Multi-objective Transportation Problem (MOTP). 
Consider m origin (or supply) O; (i= 1,2,3,..,m) and n destination (or demand) 
Dj = 1,2,3,..,m). The sources may be production facilities and they are characterized by 


available supplies @,,d,,d;,...,d,, The destination may be public destination center and they are 
characterized by demand level b,,b,,b,,...,b, . A penalty c,,is transportation cost or time cost, 


t= 12 325M] = 12,3 525,01 


associated from origin i to the destination j and the variables x,, 
are represented the unknown quantity goods to be transported from origin O; to destination D ie 
The single objective transportation problem can be extended to mullti- 
Objective transportation problem by considering the k-th (k= 1, 2, 3,...,K) cost coefficients C : 
(k= 1, 2, 3,...,K) in the objective functions. Then the mathematical model of multi-objective 
transportation problem can be represented as follows: 


A “ont k 
Model: = minz,= >> cx, k= 1, 2,3,..,K (1) 


i=l j=l 
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x, =a,,t=1,2,3,...,m (2) 
j=l 
Yo ae Hb FHI 23 can (3) 
i=l 
¥ 20151232. = 12 3n 0 (4) 


The balanced transportation problem is defined when the total availability at supply point is 
equal to the total requirement at demand point with an equilibrium condition ( DS a; = Dy b ;) for 


i=l j=l 
the existence of a feasible solution. 


2. Mathematical Model Involving Fuzzy Random Multi-Objective Transportation Problem 
(FRMOTP). 


Here, we have presented the mathematical model of fuzzy random multi-objective 
transportation problem (FRMOTP) as follows: 


m n 
k 
Mode2: minZ, = Dee k= 1, 2,3,..,K (5) 
i=l j=l 
>) xX; =4;(@),i=1,2,3,....m (6) 
j=l 
> x, =b,(@), f=1,2,3.....n (7) 
i=1 
Xe Hla nhs of = 2.50c8n (8) 


y 


Where: gq. (a) is an m- vector of fuzzy random coefficients, 


b, (a) is an n- vector of fuzzy random coefficients. 
J 


2.1 LR Fuzzy Random Variables. 


bys = (m,L.r.)p (see [1 ]) is said to be fuzzy random variables if (m,1,r) are random 
variables, and this is rather convenient representation to model “numbers approximately to random 
variables. 
(i) The fuzzy random vector, b F (o), jJ=l,...,2 in(7) can be represented as follows: 





pole: (9)b, (@)=m, +rb(a)-Lb, (a), 
where 
1 
b,(a)=——,  jHl...n (10) 
mL, (a) 
1 
=1, 3 b, = 5 
J n in (@) R (a) 


The linearity of the expectation leads to 
E( b(@)=m,+rb_(@)-L bya), jHleen 
Ifm,r, / are independent then from theorem 2(see Abo El-Kheir [1]) we have 


Vb, (@)) =Von,) + |RIV 0) -|UV @,). 


For a symmetric triangular fuzzy number suppose the following 
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(11) L,(x)=1-x, es: fake 
R,(x)=1-x, x0. Jolin, 
The a - Level set of L, (x) and R, (x) can be written as follows: 
O<a <\1. (12) L,(x)=R,(x)=1-x 2a, 
For equation (9) (m cease ) j=\1,...,m are independent normal distributions, see Abo El-Kheir 
[1]. 
ii) The fuzzy random vector 4; (0), i =1,...,mcan be represented as follows: 
i=1,...,m, (13) a,(@) = w, + G,A.,(@)— sa, (a), 
where 
1 
i=l,...,m, ala)=5 
i= Les ag(@)=—, 
R,(a) 
For a symmetric triangular fuzzy number suppose the following 
x>0, i=1,...,m, L(x)=1-x, 
x <0, i=l,...,m. R(x)=1-x, 
The @ - Level set of L, (x) and R, (x) can be written as follows: 
0S0> <1, (15) L,(x)=R,(x)=1-x 2a, 


For equation(13) (w, 14,58; )i = i ..-,// are independent normal distributions. 
fds y | and 


In our study we will focus on this case of fuzzy random vectors b F (a), a; (a) when (m pip 


(w, 54,58; ) are independent and have normal distributions as follows (see Abo El-Kheir [1]): 











(i) r, =1, =m, ~ N(u,,07) jelenn (16) 
' 1 1 
jel,.:..n 07) Elb, (@)) = 4, + — Hy - my =H; 
J=l,....n 08)V(,(o))=03 +203 +203 =50}, 
| oct fet Teeny 
J=lL....n tI aaa jes 5 4g? d b,(o), 
pO 
(ii) w, =; =5; ~ M(v,.777} i=1,...,.m (19) 
i=1,...,m, (20) E(a,(@)) = v,, 
ak ve enV (a,(o))=2n7. 


3. The Fuzzy Random Chance Constrained Multi-Objective Transportation Problem (FRMOTP). 


Liu [7]define problem (5-8) as a fuzzy random chance-constrained Multi-objective transportation 
problem (FRMOTP). The fuzzy random chance-constrained MOTP problem (5-8) degenerates to 
stochastic chance-constrained MOTP and it can be written as follows: 
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Model 3: minz, = 2d Di% ka 2 3,.aK (22) 
i=l j= 
Pi” Xi <a,)21-y,,i=1,2,3,...,m (23) 
Pr) xy $b,)21-B,, f=123..n (24) 
7 x, t=1, 2 Divot, J ya Sccaeht (25) 


Where 0 < p, <1.j=l,...,n, and O< y, <1, i=1,...,m.The above problem is multi-objective 
stochastic transportation problem where a, (i =1,2,3,...,m) and b,(j =1,2,3,...,.2) are random 


variables with known distributions and c* , k= 1, 2, 3,...,K is deterministic cost coefficients for 


ij’ 


i=1,...,mand j=1,...,n 


Probabilistic chance constraints (23-25) can be written as follows: 
PO) Xe SG) 2 pata 123g (26) 


QRPICY te 2D Jeg. 7 =12 3.460 
i=l 


xij 2OtHaTL2 Sn, J S12 ,3..000 (28) 


The Probabilistic chance constraints (26-28) can be | — B, =q, Where l-y,=p; ; 


transformed as follows: 


» x, -¥; 
ge anes pital. (29) 


he ) Ae ) 


yi ae 











Pr (= iS Gif SIZ Src (30) 
JV; ) =“ V(b; ) : 
Xjjot = D235 om, j =1,2,3,...,n (31) 


Let @(.) denote the cumulative density function of the standard normal variate evaluated at z. then 


the constraints (29-31) can be stated as 


n 


y x,-¥, 











1 (fick > F )> pi =1,2,3,...5m (32) 
fare 
3 (hi 37 
X,,— LL 
bu, ew 
O( ee Veaag Shr (33) 
ae 
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x, 2 O21 = 12 3.00,10, J =12,3.0050 (34) 
The constraints (32-34) can be stated as 
Ts 2 pe ah 
®@ (4+ < 4 2G 5 fa lL2s440 (35) 








4 4 
fer fei 


n 


ss Ny MG 
(36) 


a,-V; <A )21- pi =1,2,3,....m 


ie 2 i 2 
37 3/h 
(37) 


PS Bis Sid Sie, 








D( 


Xyo 


is standard normal variate with mean zero and unit variance 1, 








ae ae . Or 
7 ! is standard normal variate with mean zero and unit variance 1. 











The constraints (35-37) can be stated as 


Dy 
0(——) s O(-K, ), i = 1,2,3,...,m oe) 


[42 
3h 
De Xy- 4) 


(39) ® aa a 2 O(k, ), j =1,2,3,....n 


x, 20 HHL .2gt 47H 1,253,500 (40) 


Using the cumulative density function of the standard normal varieties the constraints (38-40) can be 


simplified as: 
(41) 


n 
n> xy; 
j=l 


a3 
3 


Sk, 3tH123.46m 


’ 
a; 


1; 
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Mg; 
Q)-_— = ky» J =1,2,3,...50 
2 
3 J 


(43) x,, 2 Of = 123. J H 12,3. 


The Equivalent Multi-objective Transportation Problem. 
The equivalent deterministic multi-objective transportation problem of model 3 can be written as 


follows: 
m 


oe 
Model 4: min Z, = CyXijo k=1,2,3,..,K (44) 
i=l j=l 


4 
+k, J—n, <0,i=1,2,3,....m (45) -v, >> x, 
"V3 j=l 
. an ee 9 
Xj — Hj - Ky, ae >0, j =1,2,3,...,n (46) 
i=] 


x, 2 0,i =1,2,3,...,.m, j =1,2,3,...,.n (47) 


s.t 


= 


4. Fuzzy Programming Technique (Solution Procedure). 


To solve the equivalent deterministic multi-objective transportation problem (44-47) we apply fuzzy 
Programming technique on consideration of multi-objective vector minimum problem. 


Let, L, = aspiration level of achievement for objective r, 
U , =highest acceptable level of achievement for objective r, 
d, = U,,- L,=the degradation allowance for objective r, 


when the aspiration level and the degradation allowance for each objective are specified. 


Algorithm 


Step 1: Pick the first objective function and solve it as a single objective transportation problem 
subject to the constraints (45-47). Continue this process K times for K different objective 
functions. If all the solutions are the same, then one of them is the optimal compromise 
solution and stop. Otherwise, go to step 2. 

Step 2: Evaluate the kth objective function at the K optimal solutions (x =1,2,...,.« ). For each 


objective function, determine its lower and upper bounds (L, and U,,) according to the 
set of optimal solution .Let z,, = L,and U,=max[ Z,, 25, »23,5-++»2,, ]. For satisfy, 
z, <L,.r=1, 2, 3,...,k and constraints (45-47). 


Step 3: Construct the membership function as: 
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1 Ya, SL, 
-L 
(jo FL eee. 
My (x)= U,-L, 
0 i 2.1, 





if (x, )=1; then z, is perfectly achieved, 
=0; then z, is nothing achieved, 
if O<y, (x) <1; then z, 1s partially achieved, 


Let A= Yeo 1,2, 3,..0k 
UL, 


if r 


Step 4: Using max-min/ min-max operator, we have Max[min( A,,1,,A,,...,2, )], 
Then we have, max /4 


A, 2h 
where A =min{ H, (x) }, % .f=1,2,3,.. ,f=1,2,3,....7. 
Finally we can obtain the mathematical model through fuzzy programming technique 
as follows: 


Max: A (48) 
et 
m n ; 
+AU, -L,)-U, <0, (49) Ds CiiXij 
i=l j=l 
4 35 a 
+k, J—7, <0 Gav, > a, 
‘V3 jal 
4 9 ml 
-ky rea >0 (61)—p, >) xy 
i=l 


20 shal ant ofa 2 Sse (52) 


y 


5. Numerical Example 


The Defense Communications Agency is responsible for operating and maintaining 
a world-wide communications system. It thinks of costs as being proportional to the 
““message units’’ transmitted in one direction over a particular link in the system. Hence, 
under normal operating conditions it faces the following minimum-cost flow problem: 
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Min z=) > cyry 
ij 


Subject to: 
Dip ee = Bet = wt Flow balance 


O< xj; Sujj Flow capacities 
cij = cost per message unit over link (i —/ ). 
bi= message units generated (or received) at station / , 
uij = upper bound on number of message units that can be transmitted over link (i —j ). 
Lij = lower bound on number of message units that can be transmitted over link (i —j ). 
Suppose the three production sources and supply to four destination center in which all 
availability and demand (parameters) are fuzzy random with known means and variances 
defined in (3.17-3.18)and (3.20-3.21). The decision maker lays emphasis on criteria such as 
minimization of transportation cost, transportation time or (delivery time) and loss during 
transportation through a given route (i, }) where i= 1, 2,3 & j = 1, 2, 3, 4. Here z,, z,, Z, 
represented the total transportation cost with by Rs. Thousand respectively from each 
production sources to each destination center along with availability and demand are 


represented by the matrices in C ' C’,C?as mentioned below: 


8 9 7 2 29 8 1 2A FB 
CaS 6-4 Pie 4 3-6 Fie ra 6. 48-4 
377 5 5 oR YB Bo OS. 


The decision maker is also minimized cost per message from the i- source to the j- 
destination so as to satisfy all the requirement. 


min Z, =8 X), +9 Xyy +7 Xy3 42 Xyq X44 +5 X33 +7 X3q +7 Xz) +3 Xq4 47 Xy3 +4 Xy 46 x,, +5 
Min 7, =2Xj, 49 Xjy +8 X34 Xyq X44 42X33 +8 Xzq +2 X31 +5 Nyy +7 Xq3 +6 X yy +3 Xy, +4 


MIN Z3=2.Xj, 44%. 47 Xj 343Xyq X34 + X33 +5 Xz) +2 Xz, +8 Xp4 +4 X43 48 Xp, +4X,, +6 
s.t 


Pr Xie SG) 2l=75 

Pr Xu; Say) 21-75, 

Pr x5, Sa,)21-7,, 

Px. i SD J2T Pp; 
A 

p>) Xi Sb,)21-, 
A 

Pr. Xj; Sb;)21-f, 
zi 


Pr(>) %i4 5b,)21-f, 
j=l 


A.A.Salama, M .Elsayed Wahed and Eman Yousif, A Multi-objective Transportation Data Problems and their Based on 
Fuzzy Random Variables 


Neutrosophic knowledge, Vol. 1, 2020 50 of 95 


Ke V2 Bee Jah 2 


ij 
Let: v,=13, ie 3, predetermined confidence level y,=.01 
v,=15, Ny = 2, predetermined confidence level y,=.02 
v,=19, 7, =7, predetermined confidence level 7,=.03 
1,=7, 0, =5, predetermined confidence level £,= .04 
Ll,=5, ©, =3, predetermined confidence level £,= .05 
‘= 6, Oo; =2, predetermined confidence level /,= .06 


w=4, CO, =1, predetermined confidence level /,= .07 


As described in section 3, we can converted into the deterministic multi objective unbalanced 
transportation problem as follows: 


min Z, =8 X,, +9 Xy5 +7 X1442 X14 + 5X5) +6 X47 +4.X 44 +7 Xq4 +3 X31 +7 X qq +7 X33 +5 X4y 
min z,=2 X1, +9 X15 +8 X,3+ X14 +4 Xy) +3 Xqq +6 Xq3 +7 Xqq +5 X31 +2 X3q +8 X33 +2 X3y 
min Z,=2.X,, +4 Xy. +7 X1443 X14 +6 X41 +4 Xp +8 X43 +4.X 44 +8 Xq) +2 Xzq +5 X33 + X94 


s.t 


x, £8.34, 


a 
= 


= 


Xoj <11.65, 
j=l 

Me. 1225; 
j=l 

i. eS 
i=1 
> ts 28 
i=l 
Dig 8.03 
i=l 
yy 2309 


1 


x, 20 al RP a See (aN fel BO PN 


i 


We have obtained the lower bounds of the above deterministic problem as ( L,,L,,L, ) 
(141.11,115.94,106.34), and for the same problem the upper bounds as (U,,U,,U, ) 


(217.09,217.09,196.89). 
Using problem (3.48-3.51), we formulated the following model 
Max: A 
S.t 
+ AS14111 8 x,, +9 x15 47 X43 42 yy $5 Xp, $6 Xqy H4 Hyg +7 X yy +3 Xqy +7 X gy +7 Hyg +5 Xeoy 
DXi 49 Nip FON gt Hig £4 Nag 43 Hy HOH 5g FT Hyg 19 Maj 72K AB PIA + AS21709 


2X1 44 Hyg $7 Hyg $3 Ay 16 Xp $4 Xqy +B Nyy +4 X yy +8.X oy +2 AX) +5 Aggy tXy, +45 196.89 
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ay. S979, 
i=l 
>) Xj S165, 
i=l 
Dap 12, 
i=l 
ap etl 
j=l 

ha 28 
j=l 

x4 2853 
j=l 

Xp 2509 


nm. 
IL 
an 


Xi 2AY! t= 2S In pS sen 
The above problem is solved by the LINGO mathematical package for obtaining the optimal 


compromise solution of the deterministic problem. We get A =0 and optimal compromise 
solution™ =0 %2=0 7B = 414, *4= 5.65 %2=0 %2=726 *B= 439 ta=9 “I= 
Lb] “2 = 0.74 *~B=0 “34 — 0 the optimal value of each objective functions i.e., 
ee ee: 


3 are respectively. Also we obtained the non dominated solution for each objective functions 


z, =141.11, z,=115.99 z,=106.34 ie., respectively 


6. Conclusion 


The main objective of this paper is to present a solution procedure for fuzzy random multi- 
objective transportation problem (FRMOTP). The transportation problem is an efficient tool to scope 
with many real life problems of practical importanc. Multi-objective transportation problem involve 
the design, modeling, and planning of many complex resource allocation systems, transportation in 
which demand and supply are fuzzy random in nature. After converting fuzzy random chance 
constraints into equivalent deterministic constraints using fuzzy random chance constraints theorem, 
the fuzzy programming is applied to obtain a compromise solution from the set of non dominated 
solution. Our technique is highly fruitful in the sense of real life problems of practical importance. A 
practical numerical example to provide to demonstrate the feasibility of all decision variables of the 
proposed method. 
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Abstract: In this study, we first present the definitions and characteristics presented in the Magee 
study [10] in relation to the nitro-Soviet soft groups. Then we offer some notes about his study. 
Then, based on Jagman [5], we redefine the concept of the nitro-Soviet soft group and the operations 
of the nitrosovian soft group to make them more effective. 
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he Aiadlgll Slo! OV Lxe ge all § Aas SL! Go] yogadll dagl le Gola all Slisall go dual dal 
OF daz SV pall ode 3 Aagedll GUL Vg55 48g Slash! Bylolg cAisball aglally clas aglally Ainlly Auriglly slaxd9 
Slag)! G0 dutall Luly ogirll Ab agaall degl ao ola Sbgrro Golatly AWE duobyl de day! 3 Sbgareg Olds 
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0.00109835 
0.000163505 
0.000322558 
0.00043813 
0.00026184 
0.000391302 
0.000963051 
0.000918046 
0.000537374 
0.000606896 
0.000707733 


JS! ps doo 
0.988740191 
0.997541134 
0.99372791 
0.994747051 
0.996362317 

0.9992945 
0.996371092 
0.998656708 
0.996205932 
0.996018585 
0.998642595 
0.997179889 
0.997190918 

0.99900649 
0.998159997 
0.998825512 
0.999178991 
0.997687655 
0.997405507 
0.996925695 
0.998220312 

0.99850752 
0.999384376 
0.999094749 
0.999216422 
0.999683732 
0.999261561 
0.998155283 
0.998749522 
0.997990694 
0.997900945 

0.99841285 
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0.001885217 
0.001725441 
0.001483266 
0.001842181 
0.001403945 
0.000876341 
0.000298836 


JS deo 
0.020402642 
0.00022402 
0.012158779 
0.011277609 
0.000957602 
0.003986355 
0.006684758 
0.000711088 
0.002719942 
0.002160122 
0.000686892 
0.001609877 
0.001255484 
0.003314585 
0.000840065 
0.000637281 
0.001881462 
0.000918762 
0.001232674 
0.003889579 
0.003785965 
0.002377416 
0.002028454 
0.003794435 
0.00261587 
0.00262077 
0.00098405 
0.001233833 
0.000427768 
0.00038541 
0.0013183 


0.001177655 
0.001384855 
0.000662619 
0.001816153 
0.000746927 

E-053.86185 
0.000102857 


0.998114783 
0.998274559 
0.998516734 
0.998157819 
0.998596055 
0.999123659 
0.999701164 
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Call aSlaaul (plu lal) ASB guug dl Slgdll ABgayao -2 


Ayoloull deo 
0.011222455 
0.000190899 
0.011233986 
0.004594681 
E-052.94809 
0.003510839 
0.001470175 
0.000617127 
0.001194023 
0.001434591 
0.000285615 
0.000424146 
E-051.66601 
0.002629738 
0.000624388 
0.000625203 
0.00074875 
0.000843198 
0.000237711 
0.00035633 
0.001895643 
0.001778035 
0.001753866 
0.001369003 
0.002252678 
0.00066253 
0.000512284 
0.001011506 
0.000179547 
0.000176656 

0.000122479 


ast pus days 
0.979597358 
0.99977598 
0.987841221 
0.988722391 
0.999042398 
0.996013645 
0.993315242 
0.999288912 
0.997280058 
0.997839878 
0.999313108 
0.998390123 
0.998744516 
0.996685415 
0.999159935 
0.999362719 
0.998118538 
0.999081238 
0.998767326 
0.996110421 
0.996214035 
0.997622584 
0.997971546 
0.996205565 
0.99738413 
0.99737923 
0.99901595 
0.998766167 
0.999572232 
0.99961459 
0.9986817 
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0.001673542 
0.001816107 
0.00061872 
0.000351979 
0.001483264 
0.00159055 
0.001082864 
0.000578931 


JS deo 
0.999997 
0.999997 
0.999999 
0.999995 
0.999998 
0.999996 
0.999996 
1 
0.999996 
0.999998 
0.999996 
0.999995 
0.999998 
1 
0.999998 
0.999997 
0.999996 
0.999999 
0.999999 
0.999997 
0.999995 
0.999996 
0.999999 
0.999996 
0.999997 
0.999999 
0.999996 
0.999997 
0.999998 
0.999998 


0.000859449 
0.000195493 
0.000356578 
0.000346284 
0.000578491 
0.000915206 
E-056.82709 
E-052.40589 


Aolooll dono 

0.082009247 
0.115889838 
0.257084767 
0.621758253 
0.076201426 
0.164156164 
0.617751444 
0.204259438 
0.699820332 
0.505478373 
0.661529417 
0.343890575 
0.237484401 
0.652568428 
0.290533576 
0.410756192 
0.774514091 
0.820145666 
0.652106193 
0.78572329 

0.00616466 

0.432221744 
0.856425275 
0.877296364 
0.23910337 

0.870224499 
0.28163822 

0.681259318 
0.321394509 
0.900499579 


0.998326458 
0.998183893 
0.99938128 
0.999648021 
0.998516736 
0.99840945 
0.998917136 
0.999421069 
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Alar CiloLy ASid gang Al Slgulll Adgdae -3 


ast ps days 
2.9828E-06 
2.59925E-06 
7.22458E-07 
4.89659E-06 
1.93919E-06 
4.12176E-06 
4.12347E-06 
8.8664E-08 
4.25322E-06 
1.83943E-06 
4.25921E-06 
5.19522E-06 
2.06605E-06 
3.27755E-07 
2.43112E-06 
3.09077E-06 
4.0847E-06 
6.24611E-07 
1.43181E-06 
2.64381E-06 
5.0691E-06 
4.25019E-06 
5.25941E-07 
3.70514E-06 
3.03675E-06 
9.84032E-07 
4.01833E-06 
3.04888E-06 
1.82431E-06 
2.30904E-06 
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0.999999 0.63711782 6.35984E-07 
0.999997 0.11331522 2.82292E-06 
1 0.505099012 2.5321E-07 
0.999996 0.57341191 4.17218E-06 
0.999997 0.089990208 2.74397E-06 
0.999998 0.693394299 2.19161E-06 
0.999996 0.687290871 3.74497E-06 
0.999996 0.789586885 3.85668E-06 
Ja ful SBE ON g0> plarY AS Bua Au! Ig! Adgirae -4 
JS! deo Arobod! deo ast! pus deyo 
0.999990449 6.76862E-06 9.55067E-06 
0.999991364 8.42676E-07 8.63554E-06 
0.999996528 3.00602E-06 3.47229E-06 
0.999992703 6.90408E-06 7.29738E-06 
0.99999841 9.24204E-07 1.59014E-06 
0.999993166 6.27432E-06 6.83447E-06 
0.999995432 1.2015E-06 4.56764E-06 
6.01021E-06 1.36314E-06 0.99999399 
3.12095E-07 5.21726E-08 0.999999688 
1.96437E-06 1.6064E-06 0.999998036 
8.08465E-07 1.96137E-07 0.999999192 
4.54836E-07 2.38718E-07 0.999999545 
2.9692E-06 1.49704E-06 0.999997031 
3.2335E-06 2.44776E-06 0.999996766 
5.06735E-06 3.09863E-06 0.999994933 
5.53659E-06 5.57467E-07 0.999994463 
8.41418E-06 1.12751E-06 0.999991586 
6.01763E-06 5.09549E-06 0.999993982 
4.43956E-06 3.69143E-06 0.99999556 
2.00068E-06 8.72429E-07 0.999997999 
6.88974E-07 5.05007E-07 0.999999311 
5.23788E-06 4.41675E-06 0.999994762 
1.94518E-06 1.61933E-06 0.999998055 
1.21248E-05 4.93074E-06 0.999987875 
4.04463E-06 2.61748E-06 0.999995955 
2.90401E-06 8.24221E-07 0.999997096 
6.27348E-06 5.64389E-06 0.999993727 
6.26875E-06 3.8116E-06 0.999993731 
7.89844E-07 6.40552E-07 0.99999921 
2.50562E-06 3.53763E-08 0.999997494 
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qa! Sladl paw ON 90> ald 153 qu 9 Al Slow! Adgarae -5 


2.07253E-06 1.85696E-06 0.999997927 
2.55084E-06 1.07403E-06 0.999997449 
2.45179E-06 1.00242E-06 0.999997548 
8.12128E-06 7.28013E-06 0.999991879 
2.72996E-06 1.58792E-06 0.99999727 
8.3802E-06 2.40136E-06 0.99999162 
3.1691E-06 1.71589E-06 0.999996831 
JS! deo Asked! deyo Siw ps doo 
E-051.91925 E-062.68364 0.999980808 
E-052.48487 E-068.10953 0.999975151 
E-061.00491 -074.16959 0.999998995 
E-064.27268 E-062.63953 0.999995727 
E-052.03821 E-051.46253 0.999979618 
E-051.14333 E-077.58596 0.999988567 
E-051.58727 E-051.55296 0.999984127 
E-051.19978 E-063.75304 0.999988002 
E-065.76964 E-072.93423 0.99999423 
E-051.75578 -051.56162 0.999982442 
E-071.05778 E-087.69112 0.999999894 
E-066.31956 E-064.93127 0.99999368 
E-051.07479 E-067.55723 0.999989252 
E-066.97259 E-061.09647 0.999993027 
E-063.86463 E-062.52924 0.999996135 
E-065.66547 ~—E-062.3808 0.999994335 
E-063.74972 E-062.07892 0.99999625 
E-063.86632 -063.71619 0.999996134 
E-062.10478 E-076.74216 0.999997895 
E-051.13533 E-062.45364 0.999988647 
E-066.17332 E-062.64785 0.999993827 
E-066.09518 E-062.80495 0.999993905 
E-062.6023 E-062.14679 0.999997398 
E-068.32415 E-062.11799 0.999991676 
E-063.63679 E-061.73944 0.999996363 
E-075.10254 E-072.87001 0.99999949 
E-073.76357 E-071.45097 0.999999624 
E-062.62619 E-073.98441 0.999997374 
E-067.74082 E-076.33327 0.999992259 
E-065.44981 E-075.82952 0.99999455 
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E-077.28466 
E-067.29738 
E-071.24589 
E-069.81787 
E-073.5191 
E-066.6212 
E-066.4156 
E-061.38826 


ASW! de) 
E-069.40827 
E-066.76657 
E-062.03095 
E-063.70197 
E-063.87712 
E-065.16243 
E-064.29796 
E-061.10985 
E-063.83603 
E-064.6451 
E-064.11885 
E-062.42347 
E-072.33325 
E-061.88071 
E-063.29234 
E-063.12526 
E-084.21479 
E-064.04896 
E-065.73726 
E-061.33461 
E-063.40508 
E-061.28056 
E-064.04712 
E-061.2211 
E-074.23945 
E-062.9843 
E-064.74055 
E-073.10824 
E-076.38072 
E-072.88346 


E-075.9419 
E-065.71205 
E-089.66849 
E-064.31384 

E-088.96058 

E-062.80686 

E-065.30479 
E-061.25861 


0.999999272 
0.999992703 
0.999999875 
0.999990182 
0.999999648 
0.999993379 
0.999993584 
0.999998612 
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Bylall paul alae i JlorY ASS qu 9 Ail Slat! Adgayae -6 


dpoloul dnys 
0.081595643 
0.872542965 
0.957965187 
0.240681564 
0.58812965 
0.603066597 
0.817902648 
0.907832847 
0.459277585 
0.206840716 
0.606598419 
0.566837025 
0.458398662 
0.737134899 
0.021642474 
0.364123252 
0.845535234 
0.109050085 
0.09590703 
0.146926882 
0.174293442 
0.991957998 
0.261600592 
0.883490079 
0.259355637 
0.104312996 
0.226220789 
0.297662813 
0.133707397 
0.070726333 


USI ate dmyo 
0.999990592 
0.999993233 
0.999997969 
0.999996298 
0.999996123 
0.999994838 
0.999995702 
0.99999889 
0.999996164 
0.999995355 
0.999995881 
0.999997577 
0.999999767 
0.999998119 
0.999996708 
0.999996875 
0.999999958 
0.999995951 
0.999994263 
0.999998665 
0.999996595 
0.999998719 
0.999995953 
0.999998779 
0.999999576 
0.999997016 
0.999995259 
0.999999689 
0.999999362 
0.999999712 
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E-061.28386 
E-076.19429 
E-076.80231 
E-063.78429 
E-062.72295 
E-061.80196 
E-063.34864 
E-073.15575 


0.681388333 
0.635096147 
0.476381568 
0.270553455 
0.230908485 
0.837658751 
0.734244669 
0.674576687 


0.999998716 
0.999999381 

0.99999932 
0.999996216 
0.999997277 
0.999998198 
0.999996651 
0.999999684 


70 


of 95 


lye gly SLI 


Ts Vol 
Uldos 9 oIpsiall DELI ASaqug AVN! ed oll 1 
label 9 dg Ad! ABE Slolyl (pe Abaresd! Glo! WAS qu AI Sg! cye IU ASS gg A! Gl pdioll Adgayere cls .2 
ple! 9 cvall ilbadl yaw OV 90> elo! 9 Sa tl OBL OVg0> alasl 9 Alor! Sl! 9 Guall Sbas! yaw 
BLAU SysbSI ¢aul 
(ieslys 5 MI olarish dolsdlg 45S qu Aud! lg pare UU Girall 9 lass! eal! Ge US_pad 
SI> He pide SS Uw Gu> He pada SUAS ging A! Sg gSSqurg ud! bls) 
A> He Caprio IS op LSS qu9 AI SiN Squ9 Aw! bla! 
J8.y Loess! Sb SSE So asl OMEL y gue deed ALparecd! yl gus! 8L3 Slolpl 
site JS da Lull Solas! 155 
leak dobe 9 sSt pts 9 ASW! dob byleg! SU S35 Ua AS] OBL pou daw Abaresd! Gurgusl SUE Slolp! Ol das 
Jo Ad! SEL cyo oA Syl] SV good! 
AL dole 9 ASE arc 9 ASE doy lube! 36 StS Call ila yaw ygue dod Aareall woul BLE lol! 9 
Cua! Sled! yaw Gyo BLAU Sp lal SY good! Ulay 
Arok> 9 ASE ets 9 4S dey Lola! $6 313 Cuall aileadl yaw yore dow Alara! pug! 83 Global .10 
hyo gl: Lau 
9 ABlaic pe 9 Ailare Achy 9 dilio C5S slaw Ageaatl Slgo de 4SSqug th OES shel gwioWdl de dubs cia 1 
oslaS ASV Las! 9 yin dill! 
pal de Bail 3 pdlug loo gale d,3§ol! olgall 9 SLAY SLI! Ll Ugbau I yaw ye SF! ElgiI Glolyl dubs .2 
gopboad EUS 9 Slop! yo Hla! de 5 5§o! olgall 
val Sled! yaw 9 Jail SWE GUE GSI El Gld gal dus 3 
295 (ye Spall Guin US 9 Mbaiol SLA Gea YS I Bl alll Ughwd! yaw SV g0> plac! led 9 dubs 4 


oN DAU BR Ww 


glans Gens Lap el 
( CW! 9 Cas!) Sloglastl 9 GELS placed! 3 LENb Lal Laie Auwl Al (9295 5 
erly 
+ yall aly Noi 


» Aabize Glin ¢ woud! U3 dug Agia! GLa) 1 

BLA) Pde Gyro! poh leg, ceo He Guadh Jeo 1,8) SESY GiB ys ella colgiay 2018 Aushyo Ogysly dds .2 
Apa! Ayla) Lol Ul Ales, vquull 

og! BLA SY! Gyrall pola leg pda Asya! Glpsial! oa Aj Slgull :olgies 2018 Auls ogylg dodw 13 
dyad! dyled! Golub! alors 


Cal ebas gull Si dol, dedln tor Slay Giere, gud! bL8) Pal Gel _pghi Sle pire da yo)! Sl prio)! eas Bough ow! 


Neutrosophic knowledge, Vol. 1, 2020 71 of 95 


> Aue! aplyall Ub 

Haitham ELwahsha, Mona Gamala, A. A. Salama, I.M. El-Henawy, Modeling Neutrosophic Data by Self- 
Organizing Feature Map: MANETs Data Case Study, Procida Computer, IEEE. 2017. 

Pinaki Majumdar, Neutrosophic Sets and Its Applications to Decision Making, ch4 in Computational 
Intelligence for Big Data Analysis 2017, M.U.C Womens College, Burdwan, India.DOI10.1007/978-3-319- 
16598-1_4 

A. A. Salama, Florentin Smarandache. Neutrosophic crisp probability theory & decision making process, 

Critical Review. Volume XII, 2016, pp 34-48, 2016. 

A. A. Salama, Mohamed Eisa and M.M. Abdelmoghny,(2014), Neutrosophic Relations Database, 

International Journal of Information Sciences and intelligent Systems, Vol.(4) No.2,2014 . 

A. A. Salama and F. Smarandache,(2013) Filters via Neutrosophic Crisp Sets, Neutrosophic Sets and 

Systems, Vol.1, No. 1, (2013) pp. 34-38. 

Smarandach, (2002), "A new branch of philosophy, in multiple valued logic", An International Journal, 8(3): 

297- 384. 

F. Smarandach, (2003), "Neutrosophic set a generalization of the intuitionistic fuzzy sets", Proceedings of 

the third conference of the European Society for fuzzy logic and Technolgye, EUSFLAT, Septamper Zittau 

Geamany; Univ. of Applied Sciences at Zittau Goerlit 2, 141-146. 


8. F.Smarandach, INTRODUCTION TONEUTROSOPHIC MEASURE, NEUTROSOPHIC INTEGRAL, AND 


10. 


11. 
12. 


13 


14 


15 


16 


NEUTROSOPHIC PROBABILITY http://fs.gallup.unm.edu/eBooks-otherformats.htm EAN: 
9781599732534(2013). 
I. M. Hanafy, A. A. Salama and K. M. Mahfouz, (2012), "Correlation of neutrosophic data" International 





Refereed Journal of Engineering and Science, 1(2): 39-43. 

IM. Hanafy, A.A. Salama and K.M. Mahfouz,," Neutrosophic Classical Events and Its Probability" 
InternationalJournal Computer Applications Research(IJMCAR) Vol.(3),Issue 1,Mar (2013) pp171-178. 

L. A. Zadeh, (1965), "Fuzzy sets". Information and Control, 8: 338-353. 

A. A. Salama,"Neutrosophic Crisp Points & Neutrosophic Crisp Ideals", Neutrosophic Sets and Systems, 
Vol.1, No. 1, (2013) pp 50-54. 


. A. A. Salama, Hewayda ElGhawalby, Asmaa.M.Nasr, Retract Neutrosophic Crisp System for Gray Scale 


Image, Asian Journal of Mathematics and Computer Research, ISSN No. : 2395-4205 (Print), 2395-4213 
(Online), Vol.: 24, Issue.: 3, pp104-117,2018. 


. A. A. Salama, F.Smarandache, Neutrosophic Crisp Set Theory, Educational. Education Publishing 1313 


Chesapeake, Avenue, Columbus, Ohio 43212( 2015). 
https://www.amazon.com/?ie=UTF8&%2A Version %2A=1&%2Aentries%2A=0 


. A. A. Salama, Mohamed Abdelfattah, H. A. El-Ghareeb, A. M. Manie "Design and Implementation of 


Neutrosophic Data Operations Using Object Oriented Programming" INTERNATIONAL JOURNAL OF 
COMPUTER APPLICATION  (IJCA) Issue 4, Volume 5 (sep- oct 2014) , ISSN-2250-1797IMPACT FACTOR: 
2.52, http://vixra.org/abs/1411.0506 





. A. A. Salama, Mohamed Abdelfattah and Mohamed Eisa, Distances, Hesitancy Degree and Flexible 


Querying via Neutrosophic Sets, International Journal of Computer Applications, Volume 101— No.10, 


(2014)pp0975 — 8887. 


Cell plas quill Bp dood, dedle dood Oba Guee, Quigudl BLA prMell Grall yeh leg piney Aba Spall GIpriall aS SBgueg fal flee 





oPHic Kn 
KS % cm 
é % 
2 
= is Neutrosophic Knowledge, Vol. 1, 2020 
3 E University of New Mexico 
% S 
% Dy 
“DERN sce 
oye S Me a eqe wr © 
(Andplas dint) 
dod HES! uc doi Sgroeal] Call 3,0 dg0cee Yok) d90>c0 Grud daree edly! dd 
Caubedl agleg Gl dbs aud CHD ly Aybill slasd! ound AslarS! Sgrwlg GLa wl ages mUBly Aylaill slay! ound 
dur) 92 daol> - pgll Aus blus daole-dyLe! 4S bola)! daol> doles daol> - dled! aS 


Received: 10 September 2020; Accepted: 28 October 2020; Published: date 


$d Aja duos) ul atti «Glad Gull 3 ABU! obyime del Us Jgrard Sli! Urol! elisiul eiy iyaselell 
OF Bgl Lai! Coie Le Gwowll BUS dios) qubaad Gado dole 3 LST Gye Ua dl OBE go Gwawl LE Slap SjLall 
eg ASS 9 Aad giatl SII o GA G Gadasd ole! Lowy)! WG dad alg BLA! pola leg ceo) Wo! lus! JIE 
Labs)! ad99 do 1B) SLES! 3 SLB) Giri tela Leo Garg! BUS Globe 55 GY Grog! by9 pal gets be gag SLAl) 

Speed! asd dla! Slew dot tay GU alg lll pdb! Gpreall Me plat) dain! 


sloiVl Us - FST 451) oliall dob - FS asta) oball - FL gill! jhicll - Time Series duo)! Quads! 2 UI) OLS 
Fuzzy Linear Programming 4la)| des! doy! — Fuzzy Time Series 45la)l 4ui03J1 Justa] - Membership Function 
.Fuzzy Decision Making 45la)l 5|)a)! Sls) - 





Abstract: Fuzzy Logic is one of the forms of logic used in expert systems (ES) and artificial intelligence 
(AD applications. It is one of the most important types of artificial intelligence, called ambiguous logic 
or ambiguous. The Fuzzy Logic Theory (FST) and the Fuzzy Logic (FL). Many of the motivations 
prompted scientists to use and develop the logic to be used as a better method of processing data and 


addressing the most complex and ambiguous problems. 


Keywords: Time Series, Fuzzy Logic, Fuzzy Theory, Fuzzy Set, Membership Function, Fuzzy Time 


Series, Fuzzy linear Programming, Fuzzy Decision Making. 
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